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Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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TWENTY-SEVENTH  ANNUAL  REPORT  OF  THE  BUREAU 
OF  ANIMAL  INDUSTRY. 


REPORT  OF  THE  CHIEF  OF  THE  BUREAU  FOR  THE  FISCAL 
YEAR  ENDED  JUNE  30,  1910. 

By  A.  D.  Melvin. 

INTRODUCTION. 

The  work  of  the  Bureau  of  Animal  Industry  during  the  fiscal  year 
ended  June  30,  1910,  consisted,  as  heretofore,  of  the  meat  inspection, 
the  inspection  of  animals  for  export,  the  inspection  and  quarantine 
of  imported  animals,  the  eradication  of  contagious  and  infectious 
diseases  of  live  stock,  the  scientific  investigation  of  such  diseases, 
investigations  in  the  breeding  and  feeding  of  live  stock  and  poultry, 
and  work  relating  to  the  dairy  industry. 

The  employees  in  the  service  of  the  bureau  on  July  1,  1910,  nimi- 
bered  3,183,  as  compared  with  3,268  a  year  before.  Of  the  former 
number  2,385  were  engaged  in  meat  inspection  or  work  pertaining 
thereto,  as  compared  with  2,499  on  July  1,  1909. 

MEAT  INSPECTION. 

As  pointed  out  in  my  previous  report,  the  meat  inspection  in  the 
latter  part  of  the  fiscal  year  1909  had  about  reached  the  limit  of  the 
standing  annual  appropriation  of  $3,000,000.  Strict  economy  has 
been  observed  in  this  work  so  as  to  provide  inspection  to  the  greatest 
extent  possible  with  the  funds  available.  The  cost  of  the  inspection 
for  the  fiscal  year  1910  was  approximately  $2,940,000. 

While  the  inspection  was  carried  on  at  919  establishments  in  237 
cities  and  towns — an  increase  of  43  establishments  over  the  preceding 
year — the  total  number  of  animals  inspected  was  less,  owing  to  a 
falling  off  in  the  number  of  hogs  slaughtered.  There  was  an  increase 
in  all  other  species.  The  total  number  of  animals  inspected  at  the 
time  of  slaughter  was  49,179,057,  as  compared  with  55,672,075  in  the 
fiscal  year  1909.  Of  the  former  number  there  were  condemned  be- 
cause of  disease  or  other  condition  113,742  entire  carcasses  and  874,211 
parts  of  carcasses,  making  a  total  of  nearly  1,000,000  animals  con- 
demned in  whole  or  in  part.    In  addition  there  were  condemned  on 
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reinspection  over  19,000,000  pounds  of  meat  and  meat  products  which 
had  become  unwholesome  since  inspection  at  the  time  of  slaughter. 
More  detailed  figures  relating  to  the  meat  inspection  appear  in  the 
portion  of  this  report  dealing  with  the  work  of  the  Inspection 
Division. 

Notwithstanding  the  great  improvement  in  sanitary  conditions 
brought  about  under  the  additional  authority  given  the  department 
by  the  law  of  1906,  and  the  high  degree  of  efficiency  to  which  the 
service  has  been  brought,  the  meat  inspection  is  still  occasionally  the 
object  of  unjust  criticism  and  misrepresentation.  Some  of  these 
matters  have  been  discussed  in  previous  reports.  Objection  is  some- 
times made  to  the  passing  for  food  purposes  of  the  meat  of  animals 
that  are  affected  with  localized  tuberculosis  or  other  localized  disease 
or  condition.  It  is  sometimes  falsely  asserted  that  "  diseased  meat 
is  passed  for  food."  The  only  foundation  for  such  statements  is  that 
the  wholesome  and  healthy  meat  of  an  animal  affected  slightly  and 
locally  with  some  disease  is  passed,  after  the  affected  portion  has 
been  removed  and  condemned.  The  meat  or  flesh  may  not  be  affected 
in  any  particular,  the  disease  being  usually  confined  to  certain  glands 
or  organs.  The  diseased  portion  is  condemned;  only  the  healthy 
portion  is  passed  for  food. 

This  procedure  is  justified  and  sustained  by  the  highest  scientific 
authorities  not  only  in  the  United  States  but  in  all  countries  having 
an  efficient  meat  inspection.  Objections  to  it  usually  come  from  those 
who  have  not  made  a  study  of  comparative  pathology  and  who  are 
not  qualified  to  pass  upon  the  questions  involved,  and  sometimes 
they  come  from  those  who  oppose  the  use  of  meat  at  all  as  food  and 
who  wish  to  discredit  it  in  every  possible  way. 

The  idea  of  eating  the  meat  of  a  slightly  diseased  animal  may  be 
repulsive  to  some,  but  a  little  consideration  should  readily  convince 
a  reasonable  person  that  there  is  no  valid  reason  for  condemning  and 
wasting  perfectly  wholesome  meat  simply  because  there  happens  to 
be  somewhere  in  the  animal  a  gland  or  an  organ  showing  a  lesion,  or 
a  parasitic  nodule,  or  some  slight,  local  condition  which  does  not 
extend  to  or  affect  in  any  way  the  remainder  of  the  carcass.  The 
argument  that  all  the  meat  of  an  animal  affected  to  even  the  slightest 
degree  with  any  disease  should  be  totally  and  utterly  condemned,  if 
carried  to  the  extreme  and  to  its  logical  end,  would  result  in  the 
condemnation  of  practically  every  animal  slaughtered  and  the  aboli- 
tion of  meat  as  food. 

With  the  increasing  cost  of  the  necessaries  of  life  it  becomes  more 
important  that  wholesome  food  should  not  be  recklessly  and  need- 
lessly destroyed,  and  it  is  the  duty  of  this  department  not  only  to 
protect  the  people  against  unwholesome  meat,  but  to  consene  the  food 
supply.    The  only  sensible  course  in  meat  inspection  is  to  determine 
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at  just  what  stage  a  disease  or  abnormal  condition  becomes  noxious, 
and  where  to  draw  the  line  between  what  sliould  be  condemned  and 
what  should  be  passed,  always  giving  to  the  consumer  the  benefit  of 
any  doubt.  That  the  department  does  properly  safeguard  the  con- 
sumer is  well  shown  in  the  report  of  a  commission  of  eminent  sci- 
entists outside  the  department,  who  were  appointed  in  1907  by  the 
Secretary  of  Agriculture  at  the  suggestion  of  President  Roosevelt  to 
consider  and  make  recommendations  with  regard  to  certain  features 
of  the  meat  inspection,  and  who  stated  as  their  conclusion  that  "  if 
there  be  any  general  error  in  the  regulation,  this  is  in  favor  of  the 
public  rather  than  in  favor  of  the  butchers  and  packers." 

With  regard  to  the  question  now  imder  discussion  the  commission 
said: 

The  commission  would  Invite  attention  to  a  very  widespread  popular  miscon- 
ception as  to  the  significance  of  the  word  "  diseased  "  In  connection  with  meat 
Inspection.  To  the  popular  mind  the  Idea  of  eating  "  diseased  "  animals  is  ab- 
horrent. From  the  standpoint  of  meat  inspection,  however,  the  term  **  diseased  " 
must  be  used  in  a  sense  not  entirely  in  harmony  with  the  popular  conception  of 
this  word. 

The  commission  could  easily  undertake  to  show  that  not  any  single  animal 
used  for  food  in  any  part  of  the  world  would,  upon  microscopic  study,  be  shown 
to  be  absolutely  free  from  all  Infection  or  lesion  If  said  animal  were  presented 
to  it  for  examination.  Some  persons  might  assert  that  In  all  of  these  infections 
and  conditions  the  meat  of  the  animals  should  be  considered  "  diseased."  Such 
interpretation  is  not.  however,  justified  from  a  standpoint  of  meat  insi)ectlon. 
A  light  sarcosporldlasls '  In  cattle,  sheep,  swine,  or  goats,  for  Instance,  would 
not  justity  the  condemnation  of  a  carcass,  for  there  Is  no  proof  that  such  a 
condition  depreciates,  In  even  the  remotest  degree,  the  value  of  the  meat  or  that 
this  infection  is  transmissible  to  man.  Likewise,  there  may  be  a  strictly  local- 
ized tuberculosis,  consisting,  for  instance,  of  an  Isolated  tuberculous  nodule  in 
the  lungs,  in  the  liver,  or  in  some  other  portion  of  the  body.  Such  nodule  would 
make  the  particular  point  Infected  "  diseased "  from  the  standpoint  of  meat 
inspection ;  in  the  opinion  of  some  members  of  the  laity,  such  nodule  would  also 
make  the  entire  meat  of  the  animal  **  diseased  "  and  call  for  the  condemnation 
of  the  entire  carcass;  from  the  standpoint  of  meat  Inspection,  the  carcass  in 
general  would  not  be  "diseased,"  and  there  would  be  no  justification  in  con- 
demning it. 

The  veterinary  Inspector,  in  judging  whether  a  carcass  is  **  diseased,"  must 
do  so  upon  the  general  principles  of  pathology  in  its  relation  to  the  public  health, 
and  not  upon  any  preconceived,  exaggerated,  or  sentimental  idea. 

The  commission  would  suggest  that  the  cooperation  of  the  public  is  most 
valuable  in  aiding  in  the  suppression  of  frauds  in  the  meat  trade,  but  that  it 
would  be  well  for  the  public  to  have  confidence  in  the  ability  of  the  veterinary 
inspectors  to  pass  judgment  upon  the  purely  technical  side  of  the  questions  iU' 
volved,  since  such  judgment  can  be  of  value  only  when  expressed  by  persons 
especially  trained  for  this  purpose. 

niustrative  of  the  precautions  taken  by  the  Department  of  Agriculture  to 
safeguard  the  public  health.  It  is  the  opinion  of  the  commission  that  the  Bureau 

1  One  of  the  most  common  infections  of  food  animals,  especially  of  hogs.  It  is  due  to 
the  presence  of  a  minute  parasitic  protozoon  in  the. muscles. 
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of  Animal  Industry,  acting  under  the  existing  regulations,  would  necessarily 
condemn  certain  meats  which  would  be  allowed,  either  with  or  without  restric- 
tions, according  to  circumstances,  upon  the  markets  of  Germany,  France,  Eng- 
land, and  other  countries. 

It  is  only  when  the  disease  is  slight  and  localized  or  circumscribed 
that  the  unaffected  portions  of  the  carcass  are  passed  for  food.  When- 
ever the  disease  is  generalized  or  disseminated  throughout  the  system, 
or  is  of  such  character  or  extent  as  to  affect  the  wholesomeness  of 
the  meat,  the  entire  carcass  is  condemned — and  the  consumer  is  given 
the  benefit  of  every  doubt.  Careful  experiments  carried  out  by  the 
bureau  and  by  scientists  elsewhere  have  shown  that  the  germs  of 
tuberculosis  are  not  carried  in  the  blood  circulation  and  distributed 
throughout  the  system  until  the  disease  has  reached  a  very  advanced 
stage.  It  is  therefore  considered  perfectly  safe,  when  the  infection  is 
clearly  limited  to  a  certain  gland  or  group  of  glands  or  an  organ,  to 
remove  these  parts  and  pass  the  healthy  parts  which  have  not 
become  affected  in  any  way  by  the  disease.  The  men  who  pass  on 
these  questions  are  well  educated  in  veterinary  science  and  compara- 
tive pathology,  and  are  carefully  trained  in  meat  inspection,  and 
hence  have  special  knowledge  of  animal  diseases  and  their  bearing 
on  human  health. 

It  is  safe  to  say  that  most  of  the  meat  which  is  condemned  under 
the  Federal  inspection  would  be  sold  for  food  if  it  were  not  for  this 
inspection.  A  considerable  quantity  of  diseased  and  imwholesome 
uninspected  meat  is  really  placed  upon  the  market,  as  the  Federal 
inspection  covers  but  little  more  than  one-half  of  the  total  meat 
supply  of  the  United  States.  A  large  part  of  the  remainder  receives 
no  inspection  whatever,  while  a  small  proportion  is  subjected  to  some 
kind  of  inspection  by  State  or  local  officers.  As  pointed  out  in  pre- 
vious reports,  it  is  important  that  the  States  and  municipalities 
should  provide  an  efficient  inspection  for  the  meat  that  is  slaughtered 
and  sold  locally,  and. hence  is  beyond  the  control  of  the  Federal  Gov- 
ernment. In  some  of  the  States  and  in  quite  a  number  of  cities  this 
subject  is  receiving  consideration  with  a  view  to  inaugurating  inspec- 
tion. An  inspection  to  afford  real  protection  to  the  health  of  the 
public  should  be  made  preferably  by  a  competent  veterinarian  at  the 
time  of  slaughter,  and  the  places  at  which  meat  is  slaughtered  and 
prepared  for  food  should  be  maintained  in  good  sanitary  condition. 

It  often  happens  that  the  local  authorities  must  deal  with  small, 
scattered,  poorly  equipped,  and  very  insanitary  abattoirs,  so  that  it 
is  difficult  and  expensive  to  maintain  proper  supervision  and  to  en- 
force proper  sanitation.  To  meet  such  conditions  there  should  be  a 
central  public  abattoir  where  all  the  slaughtering  of  the  community 
should  be  concentrated,  and  no  slaughtering  should  be  permitted  else- 
where except  at  properly  equipped  places  under  proper  inspection. 
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Such  a  central  abattoir  may  be  under  either  municipal  or  private 
ownership,  but  in  either  case  it  should  be  under  oflScial  supervision. 
The  city  of  Paris,  Tex.,  has  erected  a  municipal  abattoir  which  is  in 
successful  operation,  and  other  cities  are  considering  similar  action. 
The  Bureau  of  Animal  Industry  is  endeavoring  to  assist  in  such  local 
enterprises  by  furnishing  such  information  and  advice  as  it  can  give 
with  regard  to  the  designing,  construction,  equipment,  and  operation 
of  public  abattoirs,  and  it  is  expected  that  later  the  bureau  will  be 
prepared  to  furnish  municipal  authorities  with  plans  and  specifica- 
tions when  desired. 

PROPOSED  DEPARTMENT  OR  BUREAU  OF  PUBLIC  HEALTH. 

However  commendable  may  be  the  movement  to  provide  better 
Government  facilities  for  safeguarding  and  promoting  human  health, 
the  specific  measures  which  are  being  urged  upon  Congress,  if  carried 
into  effect,  would  unquestionably  be  very  detrimental  to  the  work 
which  is  now  being  carried  on  by  the  Bureau  of  Animal  Industry, 
and  also  to  the  agricultural  interests  and  in  some  respects  to  the 
public  welfare. 

Several  bills  are  pending  in  Congress  for  the  establishment  of  a 
department  or  bureau  of  public  health.  By  one  bill  it  is  proposed  to 
establish  a  new  executive  department  and  to  transfer  to  that  depart- 
ment not  only  the  Bureau  of  Animal  Industry  and  certain  other 
branches  of  the  Department  of  Agriculture,  but  all  matters  within  the 
control  of  the  Federal  Government  relating  to  "diseases  of  animal 
life  "  and  all  departments  and  bureaus  (excepting  those  in  the  War 
and  Navy  Departments)  "affecting  the  *  *  *  biological  *  *  * 
service,  or  any  questions  relative  thereto."  This  language  is  so  broad 
as  to  cover  work  relating  to  plant  life,  such  as  forestry,  the  growing 
of  field  crops,  fruit  culture,  etc.  To  place  work  of  this  kind  in  a 
department  of  public  health  is  so  preposterous  that  it  is  doubtful  if 
the  advocates  of  the  measure  really  intend  to  do  this ;  yet  such  is  the 
meaning  of  the  langauge  employed  in  the  bill. 

Much  of  the  work  of  the  Bureau  of  Animal  Industry  relates  to 
such  subjects  as  the  breeding  and  feeding  of  live  stock  and  poultry, 
and  dairy  practice  and  methods,  including  the  manufacture  of  cheese, 
butter,  etc.  Obviously,  such  lines  of  work  have  no  place  in  a  depart- 
ment or  bureau  of  public  health,  and  their  control  can  not  be  fairly 
regarded  as  in  any  way  essential  to  the  establishment  and  proper 
conduct  of  an  efficient  public-health  organization. 

Other  bills  pending  before  Congress,  not  so  sweeping  in  scope, 
provide  for  the  transfer  to  the  proposed  department  or  bureau  of 
public  health  of  the  veterinary  work  of  the  Bureau  of  Animal  In- 
dustry, including  the  meat  inspection ;  but  such  a  division  and  trans- 
fer would,  in  my  judgment,  seriously  impair  the  efficiency  of  the 
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service.  Experience  in  this  and  other  countries  has  shown  that  work 
such  as  the  scientific  investigation  and  the  eradication  of  diseases 
of  animals  and  the  meat  inspection  should  not  only  be  performed  by 
veterinarians  but  should  be  under  veterinary  control  and  direction. 
It  is  no  reflection  upon  the  medical  profession  to  say  that  a  physician, 
no  matter  how  capable,  is  not  qualified,  without  proper  veterinary 
training,  to  conduct  or  direct  such  work. 

The  Bureau  of  Animal  Industry  is  essentially  an  agricultural 
organization  and  deals  primarily  with  agriculture,  and  its  logical 
place  is  in  the  Department  of  Agriculture,  even  though  some 
branches  of  its  work  have  an  important  bearing  on  the  public  health. 
Even  in  the  portions  of  the  bureau's  work  of  which  the  protection 
of  human  health  is  an  important  object,  the  problems  are  mainly 
agricultural  and  must  be  attacked  from  the  agricultural  side. 

The  production  and  conservation  of  the  public  food  supply  are  of 
the  highest  importance  to  human  health,  but  the  measures  by  which 
such  production  and  conservation  are  accomplished  are  mainly  agri- 
cultural. In  other  words,  while  the  end  is  a  matter  of  public  health, 
the  means  of  accomplishing  that  end  constitute  an  agricultural 
problem;  and  the  Department  of  Agriculture  is  certainly  the  most 
appropriate  agency  for  carrying  out  such  agricultural  means.  To 
maintain  an  adequate  supply  of  food-producing  animals  to  meet 
the  needs  of  the  people,  not  only  must  methods  of  breeding  and  feed- 
ing live  stock  be  studied  and  applied,  but  diseases  of  animals  must 
be  studied  and  combated ;  and  all  this  work  is  an  integral  part  of  one 
great  problem  and  should  not  be  divided. 

The  large  amounts  expended  by  the  Government  for  the  protection 
of  the  health  of  live  stock  are  sometimes  contrasted  with  the  small 
appropriations  for  protecting  and  promoting  the  health  of  the 
people.  Such  comparisons  are  fallacious  and  misleading.  The 
money  appropriated  by  Congress  for  the  work  of  the  Bureau  of 
Animal  Industry  is  not  appropriated  because  of  any  sentimental 
feeling  for  the  welfare  of  the  animals  themselves,  but  the  real  object 
is  to  provide  a  sufficient  and  wholesome  supply  of  food  for  the 
preservation  of  himian  life  and  health. 

In  the  interest  of  economy  and  good  administration  it  is  impor- 
tant that  the  work  of  the  Bureau  of  Animal  Industry  should  remain 
intact  and  in  the  Department  of  Agriculture.  It  is  folly  to  argue 
that  the  consolidation  of  the  various  Government  agencies  having  a 
bearing  in  any  way  on  the  public  health  into  one  organization  would 
be  a  measure  of  financial  economy.  If  this  bureau  were  removed 
from  the  Department  of  Agriculture,  it  would  be  essential  for  that 
department  to  replace  a  large  part  of  the  organization  if  it  continued 
to  deal  efficiently  with  agriculture,  and  this  would  duplicate  and 
increase  expenses  instead  of  reducing  them.    The  present  organiza- 
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tion  permits  the  use  of  the  same  men  (under  various  appropriations) 
in  different  lines  of  work  and  their  transfer  from  time  to  time  to 
meet  the  needs  of  the  service — an  arrangement  that  would  not  be 
possible  if  the  work  were  divided  by  the  transfer  of  the  meat  inspec- 
tion to  the  proposed  new  organization.  As  pointed  out  in  my  report 
for  the  preceding  year,  the  field  work  in  eradicating  diseases  of 
animals  is  mostly  done  during  the  summer,  while  the  work  of  slaugh- 
terhouses is  heaviest  during  the  winter ;  and  a  nmnber  of  men  can  be 
utilized  for  field  work  in  the  summer  and  for  meat  inspection  in  the 
winter,  thus  effecting  an  economy  which  would  not  be  possible  if 
these  lines  of  work  were  not  under  the  same  management  A  strik- 
ing illustration  of  the  advantage  of  the  present  organization  was 
given  in  that  report  with  reference  to  the  outbreak  of  contagious 
foot-and-mouth  disease  in  the  winter  of  1908,  when  it  was  possible  to 
draw  immediately  on  a  trained  force  of  veterinarians  and  scientists 
already  engaged  in  the  meat  inspection  and  other  regular  work  of 
the  bureau.  Had  these  branches  been  separated,  the  contagion  would 
very  probably  have  spread  widely  and  reached  the  great  stock-rais- 
ing regions  of  the  West  before  a  force  could  have  been  organized  to 
combat  it,  and  there  it  would  have  caused  tremendous  damage  and 
loss  and  its  eradication  would  have  been  exceedingly  difficult  and 
expensive,  if  not  impossible. 

It  seems  that  it  should  be  entirely  possible  and  practicable  for  the 
Government  to  enlarge  its  work  for  human  health  and  to  maintain 
an  efficient  public-health  organization  without  placing  under  that 
organization  work  which  has  no  logical  place  there  and  without 
impairing  existing  branches  of  the  Government  service  with  no  corre-. 
sponding  benefit  to  the  public. 

STUDY  AND  ERADICATION  OF  CONTAGIOUS  DISEASES  OP  ANIMALS. 

The  scientific  investigation  of  various  animal  diseases  has  been 
continued,  and  the  policy  of  having  such  diseases  studied  in  the  field 
by  a  larger  number  of  experts  than  heretofore  has  been  adopted.  The 
work  for  the  eradication  of  certain  contagious  diseases  has  been 
unusually  effective  during  the  past  year. 

EBAOICATION  OF  CATTLE  TICKS. 

With  the  steady  extension  of  the  zone  affected  by  the  ravages  of 
the  cotton-boll  weevil  and  the  growing  realization  by  southern 
farmers  of  the  need  of  giving  more  attention  to  stock  raising,  the 
value  of  the  work  being  done  for  the  extermination  of  cattle  ticks 
becomes  more  apparent,  and  the  people  of  the  tick-infested  territory 
are  showing  greater  interest  in  this  undertaking.  Much  has  been 
done  in  the  way  of  developing  the  hog,  sheep,  and  poultry  industries 
•—11 2 
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in  the  South  and  the  introduction  and  breeding  of  a  better  class  of 
animals,  and  hog  raising  especially  has  been  demonstrated  to  be  suc- 
cessful and  profitable  there;  but  the  important  industries  of  cattle 
raising  and  dairying  can  never  be  brought  to  a  high  degree  of  suc- 
cess as  long  as  the  South  remains  under  the  heavy  handicap  of  the 
cattle  tick.  These  ticks  not  only  keep  the  cattle  in  poor  condition,  but 
spread  the  infection  of  the  disease  known  as  Texas  fever,  which  makes 
it  necessary  to  quarantine  the  cattle  of  tick-infested  regions  and  to 
allow  them  to  be  marketed  only  under  certain  restrictions,  which  lower 
their  selling  price.  The  presence  of  the  ticks  also  makes  it  imprac- 
ticable to  introduce  a  better  class  of  cattle  from  noninfected  sections. 

For  the  past  four  years  the  United  States  Department  of  Agricul- 
ture, through  the  Bureau  of  Animal  Industry,  has  been  engaged,  in 
cooperation  with  State  and  local  authorities,  in  an  effort  to  extermi- 
nate these  ticks;  and  although  this  is  a  difficult  undertaking,  which 
will  require  many  years  for  its  successful  conclusion,  the  progress  so 
far  made  has  already  brought  great  benefits  to  the  portions  of  the 
territory  that  have  been  freed  from  the  ticks  and  has  demonstrated 
that  it  is  practicable  in  time  to  eradicate  the  ticks  from  the  infested 
region.  During  the  past  fiscal  year  there  have  been  released  from 
quarantine  as  a  result  of  the  eradication  of  these  ticks  57,520  square 
miles  of  territory,  which  is  the  largest  area  released  in  any  year  since 
the  beginning  of  the  work  in  the  summer  of  1906.  The  total  area  so 
released  since  the  beginning  of  the  work  amounts  to  128,856  square 
miles. 

The  rapidity  with  which  this  work  can  be  carried  forward  depends 
on  the  amounts  of  money  appropriated  by  the  Federal  and  State 
Governments  and  upon  the  cooperation  of  the  people  of  the  affected 
region.  The  Federal  appropriation  for  the  past  fiscal  year  was 
$250,000,  and  a  like  amount  has  been  appropriated  for  the  succeeding 
year.  In  order  to  use  this  money  to  the  best  advantage,  the  policy  of 
the  department  is  to  operate  only  where  State  and  local  authorities 
are  prepared  to  offer  substantial  cooperation  and  where  public  senti- 
ment is  favorable.  During  the  calendar  year  1909  the  States  and 
counties  expended  about  $130,000  in  this  work,  as  indicated  by  re- 
ports received  by  the  bureau;  and  as  the  work  advances  and  its  bene- 
fits become  more  obvious  there  is  a  disposition  to  increase  the  appro- 
priations from  year  to  year. 

Besides  the  field  work  in  exterminating  the  ticks  by  such  methods 
as  dipping,  spraying,  hand  treatment,  and  pasture  rotation,  the 
bureau  has  continued  the  dissemination  of  information  as  to  the 
nature  of  the  ticks  and  the  disease  which  they  spread  and  as  to  advan- 
tages and  methods  of  getting  rid  of  them.  Literature  has  been  dis- 
tributedy  material  has  been  furnished  to  newspapers,  and  lectures  and 
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addresses  have  been  given  at  fanners'  institutes  and  other  meetings. 
A  Farmers'  Bulletin  on  "  Methods  of  Exterminating  the  Texas-Fever 
Tick  "  was  issued  during  the  fiscal  year  and  has  been  extensively  dis- 
tributed. 

LIP-AND-LEG  ULCERATION   OF  SHEEP. 

The  form  of  necrobacillosis  known  as  lip-and-leg  ulceration  of 
sheep,  which  appeared  in  Wyoming  about  two  years  ago  and  became 
so  threatening  as  to  necessitate  a  Federal  quarantine  in  the  early  part 
of  the  past  fiscal  year,  has  fortunately  become  much  less  prevalent 
imder  the  quarantine  and  methods  of  treatment  carried  out  under  the 
direction  and  cooperation  of  Federal  and  State  officers,  aided,  perhaps, 
by  the  drought  of  the  past  season.  This  disease  appeared  in  a  very 
malignant  form  over  a  large  part  of  Wyoming  and  Montana,  and  it 
was  necessary,  before  progress  could  be  made  in  controlling  it,  to 
study  more  closely  its  nature  and  to  work  out  methods  of  treatment. 
During  the  fall,  winter,  and  spring  three  meetings  were  held  at  which 
officers  of  the  bureau  conferred  with  officers  and  sheep  owners  of  the 
affected  States  to  discuss  the  situation  and  consider  means  of  dealing 
with  it.  A  circular  describing  the  disease  and  recommending  methods 
of  treatment  was  issued  in  the  spring  and  has  been  widely  circulated 
in  the  affected  region.  Ten  veterinarians  of  the  bureau's  staff  were 
stationed  in  different  parts  of  Wyoming  to  observe  the  disease  and  to 
instruct  and  assist  the  flock  masters  in  the  best  methods  of  treatment 
and  in  the  disinfection  of  infected  premises.  Where  care  was  exer- 
cised in  administering  the  treatment  and  in  disinfecting  the  premises 
the  disease  either  disappeared  or  was  greatly  reduced.  About  one- 
fourth  of  the  area  placed  under  quarantine  in  the  early  part  of  the 
fiscal  year  was  recently  released,  and  the  number  of  cases  of  the  dis- 
ease in  the  territory  remaining  in  quarantine  has  been  reduced  about 
50  or  75  per  cent. 

It  has  been  thoroughly  demonstrated  that  this  disea^se  can  be  con- 
trolled by  methods  such  as  have  been  adopted,  although  the 
malignant  form  is  persistent,  and  very  careful  and  thorough  treat- 
ment is  necessary.  Numerous  instances  were  found  where  flocks  had 
become  infected  by  being  permitted  to  trail  over  ranges  where  dis- 
eased sheep  had  been  and  to  drink  at  water  holes  where  such  sheep 
had  watered.  These  instances,  considered  in  connection  with  scien- 
tific experiments  made  by  the  bureau,  show  beyond  question  that  the 
disease  is  of  a  contagious  nature.  While  the  majority  of  cases  are  of 
a  mild  type  affecting  only  the  lips,  it  seems  that  under  certain  condi- 
tions, which  are  not  at  present  imderstood,  this  type  may  develop 
into  the  more  severe  form.  In  order  to  stamp  out  the  disease,  it  is 
therefore  necessary  to  treat  the  mild  as  well  as  the  malignant  form. 
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SCABIES  OF  SHEEP  AND  CATTLE. 

The  eradication  of  scabies  of  sheep  in  the  West  has  progressed  so 
well  that  during  the  fiscal  year  areas  aggregating  390,000  square 
miles  were  released  from  quarantine  and  the  disease  was  greatly 
reduced  in  the  territory  remaining  under  quarantine. 

During  the  fiscal  year,  owing  to  the  continued  increase  of  scabies 
in  sheep  in  the  State  of  Kentucky,  the  entire  State  was  placed  imder 
Federal  quarantine.  On  account  of  the  absence  of  an  efficient  State 
law  under  which  the  bureau  could  cooperate,  no  active  work  in  the 
eradication  of  the  disease  has  been  done.  However,  at  the  last  ses- 
sion of  the  Kentucky  legislature  an  act  was  passed  providing  for 
the  appointment  of  a  State  live-stock  sanitary  board  with  power  to 
control  and  eradicate  infectious  and  contagious  diseases  of  live  stock. 
Such  a  board  was  appointed  June  15,  1910,  the  day  after  the  law 
became  effective.  Arrangements  have  been  made  for  the  bureau 
to  cooperate  with  this  board  in  eradicating  sheep  scabies,  and  to  this 
end  active  work  will  be  commenced  in  the  near  future. 

The  area  quarantined  for  scabies  of  cattle  in  the  West  was  reduced 
during  the  fiscal  year  by  the  release  from  quarantine  of  more  than 
50,000  square  miles. 

ERADICATION    OF   BOVINE   TUBERCULOSIS   IN    THE   DISTRICT   OF   COLUMBIA. 

During  the  past  few  years  there  has  been  a  continuous  and  marked 
increase  in  private  and  legislative  efforts  to  eradicate  bovine  tuber- 
culosis. Coincident  with  these  efforts  on  the  part  of  States  and 
municipalities,  the  Bureau  of  Animal  Industry  has  given  active  aid 
toward  the  eradication  of  the  disease  in  a  number  of  localities  and 
in  preventing  the  interstate  movement  of  cattle  affected  with  tuber- 
culosis. In  the  belief  that  a  demonstration  of  the  practicability  of 
eradicating  bovine  tuberculosis  from  a  given  area  would  be  of  mate- 
rial benefit  by  the  encouragement  which  it  would  give  and  by  out- 
lining working  methods  to  accomplish  successful  results,  the  District 
of  Columbia  was  selected  for  the  purpose,  and  a  cooperative  arrange- 
ment was  entered  into  with  the  Commissioners  of  the  District. 

All  the  cattle  in  the  District,  numbering  1,701,  were  tested  with 
tuberculin,  and  of  these  321,  or  18.87  per  cent,  gave  reactions.  All  of 
the  reacting  animals  were  slaughtered  under  inspection,  and  all  ex- 
cept a  few  belonging  to  the  Government  were  appraised  and  the 
owners  reimbursed.  In  only  five  of  the  carcasses  was  there  a  failure 
to  find  lesions  of  tuberculosis  on  post-mortem,  hence  the  correctness 
of  the  tuberculin  reaction  was  verified  in  98.36  per  cent  of  the  cases. 
Of  course  there  is  a  likelihood  that  in  these  five  cases  the  lesions  were 
present  but  were  too  minute  for  detection  by  the  methods  used.  In 
nearly  77  per  cent  of  the  carcasses  the  lesions  were  so  slight  and 
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localized  as  to  permit  the  use  of  the  meat  for  food,  while  the  remain- 
der were  more  or  less  generalized  cases  and  were  entirely  condemned. 
The  average  appraised  value  of  the  reacting  cattle  was  $45.41.  An 
average  price  of  $18.88  was  obtained  from  their  sale,  and  the  depart- 
ment reimbursed  the  owners  to  the  extent  of  an  average  of  $13.97  for 
each  animal,  making  the  average  loss  to  owners  $12.56  per  cow,  based 
upon  the  appraised  value.  The  particulars  of  this  work  are  given  in 
the  portion  of  this  report  relating  to  the  Quarantine  Division. 

on)   IN    SHEEP. 

Since  the  discovery  of  the  gid  parasite  in  sheep  in  Montana  was 
annoimced  by  the  bureau  a  few  years  ago  the  study  of  the  gid  disease 
and  the  parasite  which  causes  it  has  been  continued.  One  publication 
giving  some  of  the  results  of  this  work  was  issued  during  the  year  and 
others  are  now  in  press  and  in  preparation.  As  the  disease  appears  to 
be  prevalent  only  in  a  part  of  Montana,  it  is  very  desirable  that  the 
parasite  should  be  prevented  from  spreading  to  other  sections  and 
that  it  should  be  exterminated  if  possible.  To  that  end  the  bureau  is 
endeavoring  to  place  before  the  sheep  owners  of  the  affected  region 
correct  information  as  to  the  life  history  of  the  parasite,  the  nature  of 
the  disease,  and  methods  to  be  followed  in  combating  the  parasite. 

BREEDING  HORSES  FOR  THE  UNITED  STATES  ARMY. 

Although  horses  are  now  commanding  higher  prices  than  have 
been  known  for  many  years,  there  is  evidently  a  great  shortage  in 
their  production.  The  United  States  Army  has  for  some  years 
found  it  difficult  to  maintain  an  adequate  supply  of  suitable  horses, 
and  it  seems  that  if  the  efficiency  of  the  cavalry  is  to  be  maintained 
it  will  be  necessary  for  the  Government  to  take  up  some  systematic 
plan  to  encourage  the  breeding  of  horses  of  a  type  suitable  iEor  Army 
use. 

During  the  past  year  the  Secretary  of  War  requested  the  coopera- 
tion of  the  Secretary  of  Agriculture  in  evolving  some  plan  for  ena- 
bling the  Army  to  obtain  suitable  horses.  The  Secretary  of  War 
pointed  out  that  the  supply  of  horses  fit  for  remounts  is  becoming 
more  and  more  limited,  and  that  the  present  indications  are  that  the 
country  would  find  it  impossible  to  mount  its  Army  from  its  own 
resources  in  time  of  war,  and  is  rapidly  reaching  a  point  where  the 
needed  supply  of  suitable  remoimts  for  the  present  strength  of  the 
Army  would  be  extremely  difficult  to  obtain,  if  obtainable  at  all. 
As  a  result  this  department  designated  a  representative  to  join  with 
a  representative  of  the  War  Department  in  considering  the  subject 
and  formulating  a  plan.  The  Department  of  Agriculture  was  rep- 
resented by  Mr.  George  M.  Rommel,  Chief  of  the  Animal  Husbandry 
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Division  of  this  bureau,  and  the  War  Department  by  Capt.  Casper 
H.  Conrad,  jr.,  Third  Cavaky,  United  States  Army,  detailed  for 
duty  in  the  Quartermaster  General's  Department  in  connection  with 
the  purchase  of  remounts.  These  gentlemen  have  outlined  a  plan 
for  breeding  horses  for  Army  use,  which  plan  is  presented  in  the 
portion  of  this  report  dealing  with  the  work  of  the  Animal  Hus- 
bandry Division.  To  carry  out  this  plan  would  require  appropria- 
tions for  the  use  of  this  department  estimated  at  $250,000  for  the 
first  year  and  $100,000  a  year  thereafter. 

NEW  EXPERIMENTAL  FARM. 

For  several  years  the  bureau  has  felt  the  need  of  a  farm  near 
Washington  on  which  it  could  conduct  experiments  and  investiga- 
tions in  breeding  and  feeding  animals  and  in  dairying,  so  that  such 
work  could  be  kept  separate  from  that  relating  to  infectious  diseases 
as  carried  on  at  the  Experiment  Station  at  Bethesda,  Md.,  as  the 
work  is  so  entirely  different  in  character  and  is  under  the  supervi- 
sion of  different  divisions  of  the  bureau.  In  the  appropriation  act 
for  the  Department  of  Agriculture  for  the  fiscal  year  ending  June 
30,  1911,  Congress  appropriated  $25,000  for  the  purchase  of  such  a 
farm.  The  department  purchased  a  farm  of  about  475  acres  located 
at  Beltsville,  Prince  Georges  County,  Md.,  about  13  miles  from 
Washington.  This  farm  is  now  being  equipped  for  the  purpose  in 
view,  and  will  be  used  by  the  Dairy  and  Animal  Husbandry  Divisions 
of  the  bureau.  The  work  in  the  breeding  and  feeding  of  animals 
and  poultry  heretofore  carried  on  at  the  Bethesda  Experiment  Sta- 
tion will  be  transferred  to  the  new  farm,  and  dairy  work  will  be 
taken  up  later.  The  experimental  work  relating  to  diseases  of 
animals  will  be  conducted  as  heretofore  at  the  Bethesda  station. 

NEED    FOR    ANOTHER    ANIMAL    QUARANTINE    STATION    ON    THE 
ATLANTIC   SEABOARD. 

In  recent  years  there  has  been  a  great  increase  in  the  number  of 
imported  animals  subject  to  quarantine,  and  the  capacity  of  the 
quarantine  stations  near  the  ports  of  New  York  and  Boston  has 
been  overtaxed.  This  has  caused  considerable  inconvenience  to  im- 
porters, some  of  whom  have  been  compelled  to  defer  shipments,  await- 
ing the  release  from  quarantine  of  other  importations  before  space 
could  be  found  for  their  importations.  A  number  of  them  have 
diverted  their  animals  to  the  Canadian  quarantine  station  at  Quebec. 

There  is  great  need  for  an  additional  quarantine  station  on  the 
Atlantic  seaboard,  and  this  station  should  be  located  directly  on  the 
water  front  so  as  to  be  specially  adapted  to  the  reception  of  animals 
in  cases  where  there  seems  to  be  more  than  ordinary  danger  of  carry- 
ing infection.     At  the  present  time  the  bureau  has  no  quarantine 
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station  on  the  water  front.  At  New  York  transportation  by  barge 
from  the  steamer  to  the  railroad  on  the  New  Jersey  side  is  necessary, 
in  addition  to  which  16  miles  must  be  covered  by  rail  before  reaching 
the  Athenia  station.  The  quarantine  of  animals  entering  at  Boston 
requires  a  railroad  shipment  of  about  30  miles  to  reach  the  Littleton 
station. 

As  many  importers  have  expressed  their  preference  for  the  port  of 
Baltimore  as  a  quarantine  station,  on  account  of  its  being  farther 
south  than  Boston  or  New  York,  thus  having  a  milder  climate,  it  is 
evid^it  that  if  a  quarantine  station  could  be  located  on  the  water 
front  near  Baltimore,  so  that  animals  could  be  delivered  by  barge 
directly  at  the  station  from  the  steamer,  such  a  station  would  not 
only  receive  its  full  share  of  patronage,  but  would  increase  the  num- 
ber of  fine  breeding  animals  imported  into  the  United  States,  and 
would  diminish  the  danger  of  the  introduction  and  spread  of  con- 
tagious diseases. 

NEEDED  LEGISLATION. 
SUPERVISION    OF   VACCINES,   SERUMS,  ETC. 

In  my  report  for  the  preceding  year  attention  was  called  to  the 
importance  of  investing  the  Secretary  of  Agriculture  with  legal 
power  to  control  the  importation  of  vaccines,  serums,  antitoxins, 
tuberculins,  and  other  preparations  sold  for  the  detection,  prevention, 
or  treatment  of  diseases  of  animals,  and  to  supervise  the  preparation 
of  such  products  manufactured  in  this  country  for  interstate  com- 
merce, such  authority  to  be  similar  to  that  already  vested  in  the 
United  States  Public  Health  and  Marine-Hospital  Service  with 
regard  to  such  products  used  in  human  medicine.  A  bill  for  this 
purpose  was  introduced  in. Congress,  but  was  not  acted  upon  at  the 
last  session.  With  the  growing  use  of  these  remedies  in  veterinary 
medicine  there  is  constant  and  increasing  danger  that  contagious 
diseases  may  be  introduced  from  abroad  and  spread  in  this  country 
through  such  preparations  unless  their  importation  is  properly  super- 
vised, and  the  facts  reported  last  year  show  the  necessity  for  the 
supervision  of  domestic  preparations  of  this  kind  in  order  to  protect 
our  farmers,  stock  raisers,  and  veterinarians  against  fraudulent  and 
unreliable  preparations. 

TRANSPORTATION   OF  LIVE  STOCK. 

Additional  legislation  by  Congress  is  needed  to  enable  the  depart- 
ment to  regulate  more  effectively  the  interstate  transportation  of  live 
stock  so  as  to  prevent  the  spread  of  contagious  diseases  and  provide 
more  humane  conditions. 

Experience  in  the  enforcement  of  what  is  known  as  the  28-hour 
law  has  shown  the  desirability  of  exempting  from  its  operation 
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live  stock  which  is  being  shipped  under  quarantine  restrictions. 
Owing  to  unforeseen  delays  it  is  sometimes  necessary  in  order  to 
comply  with  the  law  to  unload  stock  which  is  being  shipped  under 
quarantine  restrictions  into  pens  which  are  not  specially  set  apart  for 
that  class  of  stock  and  which  are  likely  to  be  used  soon  afterwards 
for  other  stock,  and  in  this  way  infection  has  sometimes  been  spread. 
This  danger  could  be  practically  obviated  if  the  Secretary  of  Agri- 
culture were  clothed  with  power  in  such  cases  of  emergency  to  waive 
the  provisions  of  the  law  so  that  animals  under  quarantine  might 
be  kept  in  the  cars  for  a  sufficient  time  to  reach  a  point  where  facili- 
ties were  available  for  handling  them  without  danger  to  other  stock. 

Although  existing*  law  authorizes  the  Secretary  of  Agriculture  to 
require  the  disinfection  of  live-stock  cars  moving  into  or  out  of  a  sec- 
tion that  is  quarantined,  it  is  desirable  to  have  this  authority  extended 
so  as  to  empower  the  Secretary  of  Agriculture  to  require  the  disin- 
fection of  any  live-stock  cars  used  in  interstate  commerce  whenever 
he  may  consider  such  disinfection  necessary  in  order  to  prevent  the 
spread  of  disease. 

In  the  shipment  of  live  stock  it  is  sometimes  a  practice  to  put  into 
the  same  car  animals  of  various  sizes  and  different  species,  with  the 
result  that  small  animals  are  often  injured  or  trampled  to  death  by 
larger  ones.  In  order  to  remedy  this  evil  it  is  desirable  that  the 
Secretary  of  Agriculture  should  have  authority  to  regulate  the  ship- 
ment of  different  classes  of  stock  in  the  same  cars. 

Dead  animals  are  sometimes  shipped  in  the  same  cars  with  live 
ones,  and  there  is  danger  of  the  spread  of  disease  in  this  way.  Such 
shipments  should  be  prohibited  by  law. 

interstate  shipment  op  dairy  products. 

In  my  previous  reports  attention  has  been  called  to  the  need  for 
inspecting  dairy  products  and  supervising  their  shipment.  Cream  is 
shipped  great  distances  to  creameries  to  be  made  into  butter,  and  it  is 
often  received  in  such  a  filthy  and  putrid  state  as  to  be  utterly  unfit 
to  enter  into  the  composition  of  a  food  product.  Even  though  Con- 
gress may  not  be  ready  to  establish  a  comprehensive  system  of  inspec- 
tion for  dairy  products,  much  good  could  be  accomplished  by  a  law 
regulating  the  interstate  shipment  of  cream  and  other  dairy  products 
so  as  to  prevent  interstate  traffic  in  unwholesome  products. 

renovated  butter. 

At  present  the  Bureau  of  Animal  Industry  supervises  the  manu- 
facture of  what  is  known  as  renovated  or  process  butter  and  maintains 
inspection  at  the  factories  where  it  is  prepared.  This  law  has  been 
found  inadequate  in  some  respects,  and  I  consider  it  desirable  to  have 
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it  amended  or  superseded  by  a  law  containing  provisions  similar  to 
those  of  the  meat-inspection  law,  so  far  as  they  may  be  applicable, 
but  retaining  the  revenue  feature  of  the  present  law. 

VETERINARY   EDUCATION. 

As  stated  in  my  last  report,  the  courses  of  instruction  in  the  various 
veterinary  colleges  in  the  United  States  were  investigated  by  two 
conunittees,  and  certain  recommendations  as  to  requirements  for  ad- 
mission to  the  civil-service  examination  for  veterinary  positions  in  the 
bureau  were  approved  by  the  Secretary  of  Agriculture  and  the  United 
States  Civil  Service  Commission,  to  take  effect  September  1,  1909. 
Most  of  the  colleges  have  been  disposed  to  meet  the  requirements  of 
the  regulations  in  order  that  their  graduates  may  be  eligible  to  the 
bureau  service,  and  there  has  already  been  considerable  improvement 
in  the  courses  and  facilities  at  these  colleges.  The  result  is  that  not 
only  is  it  possible  for  the  bureau  to  obtain  men  better  educated  and 
qualified  for  its  veterinary  work,  but  the  standard  of  veterinary  edu- 
cation in  the  United  States  is  being  elevated. 

PUBLICATIONS  AND  DIFFUSION  OF  INFORMATION. 

The  results  of  the  bureau's  work  are  made  available  to  the  people 
through  publications,  correspondence,  public  addresses,  and  material 
furnished  to  teachers,  writers,  and  the  press. 

The  bureau's  new  publications  issued  during  the  fiscal  year  num- 
bered 89,  aggregating  1,970  printed  pages,  besides  which  there  were 
numerous  reprints  of  earlier  publications.  The  new  publications  con- 
sisted of  the  Twenty-fifth  Annual  Report  of  the  bureau  (for  1908), 
the  annual  report  of  the  chief  of  the  bureau  for  the  fiscal  year  1909, 
12  bulletins,  15  circulars,  2  Farmers'  Bulletins,  10  reprints  from  the 
annual  report,  2  Yearbook  articles,  29  orders  and  amendments,  and  17 
miscellaneous  publications. 

In  addition  to  the  distribution  of  literature  it  is  necessary  to  con- 
duct a  heavy  correspondence  to  meet  the  large  volume  of  requests  for 
information. 

THE  ANIMAL  HUSBANDRY   DIVISION. 

The  Animal  Husbandry  Office  of  the  bureau  was  designated  as  the 
Animal  Husbandry  Division  after  January  1,  1910,  by  order  of  the 
Secretary  of  Agriculture.  The  work  of  the  division  is  in  no  essential 
manner  different  from  that  of  the  Animal  Husbandry  Office.  Mr. 
George  M.  Rommel  has  all  along  been  in  charge  of  this  work,  as 
animal  husbandman  during  the  first  half  of  the  fiscal  year  and  as 
Chief  of  the  Animal  Husbandry  Division  since  the  establishment  of 
that  division. 
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HORSE  breeding. 
COLORADO    WORK. 

The  work  in  carriage-horse  breeding  at  the  Colorado  Experiment 
Station  has  been  much  more  satisfactory  than  during  the  previous 
year.  There  was  no  serious  loss  at  foaling  time  and  the  foals  are  a 
very  satisfactory  lot.  The  foals  by  the  stallion  Carmon  out  of  the 
mares  purchased  in  Kentucky  in  1908  are  especially  good. 

The  board  of  survey  condemned  12  animals  in  August,  1909,  all  of 
which  were  removed  from  the  stud.  Two  were  destroyed  (one  for 
unsoundness  and  one  for  injuries)  and  the  remainder  sold.  The  mare 
Arba  was  injured  in  the  pasture  by  cutting  the  tendons  of  the  right 
hind  leg  just  above  the  fetlock,  and  she  was  also  destroyed.  There 
were  in  the  stud  on  June  30,  1910,  5  stallions  in  service,  31  brood 
mares,  and  35  young  animals ;  a  total  of  71. 

A  2-year-old  colt  by  the  well-known  Standardbred  carriage  stallion, 
Sir  Walkill,  jr.,  32695,  was  bougjit  in  June,  1910,  in  Cedar  County, 
Iowa,  and  will  be  given  a  trial  at  the  stud.  He  is  a  verj'  good  indi- 
vidual and  promises  to  develop  into  a  good  sire.  He  will  not  be 
available  to  outside  mares  until  he  has  been  given  a  thorough  trial. 

VERMONT  WORK. 

The  work  at  the  Morgan  Horse  Farm,  Middlebury,  Vt.,  is  pro- 
gressing satisfactorily,  and  each  successive  year's  foals  by  General 
Gates  show  the  wisdom  of  his  purchase  as  the  leading  sire.  The  foals 
of  1909  (now  yearlings)  are  a  splendid  lot  and  those  of  1910  are 
equally  promising.  The  only  logical  criticism  which  has  ever  been 
made  of  General  Gates  is  that  the  Thoroughbred  cross  close  up  in  his 
pedigree  would  make  his  get  imcertain  breeders.  The  use  of  Red 
Oak,  a  stallion  sired  by  General  Gates,  is  showing  this  criticism  to 
have  no  foundation.  Although  Red  Oak  has  not  had  severe  service, 
he  has  produced  a  uniformly  good  lot  of  foals  of  a  uniform  Morgan 
type. 

Purchases  during  the  year  were  the  brood  mare  Caroline  by  Daniel 
Lambert,  and  a  yearling  filly  out  of  Caroline  by  General  Gates. 
Caroline  is  the  dam  of  Shakespeare,  grand  champion  Morgan  stallion 
at  the  St  Louis  World's  Fair;  of  Carrie  Gates,  first-prize  2-year-old 
filly  at  the  same  show;  and  of  Helen,  one  of  the  most  promising 
young  mares  at  the  Morgan  Horse  Farm.  Caroline  is  now  about  24 
years  of  age  and  is  still  producing. 

Three  yearlings  were  disposed  of  at  the  close  of  the  year  and  fur- 
ther culling  will  be  done  in  the  near  future,  some  of  the  older  stock 
being  unsatisfactory  for  breeding  purposes. 

The  following  horses  were  in  the  stud  on  June  30,  1910 :  Stallions, 
8;  brood  mares,  13;  young  animals,  14;  total,  30. 
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CLASSIFICATION  FOB  AMERICAN  CABBIAGE   HORSES. 

The  classification  for  American  carriage  horses  recommended,  by 
the  bureau  in  cooperation  with  the  American  Association  of  Trotting 
Horse  Breeders  has  received  a  general  acceptance  by  State  fairs 
throughout  the  Central  West.  The  showing  of  1909  was  more  satis- 
factory than  that  of  1908,  and  considerably  more  interest  was  mani- 
fested by  horse  owners.  The  classification  promises  to  become  a 
permanent  feature  of  State-fair  premium  lists. 

SHEEP  AND  GOAT  INVESTIGATIONS. 

The  work  in  range  sheep  breeding  was  continued  during  the  fiscal 
year  in  cooperation  with  the  Wyoming  Experiment  Station,  but  it 
has  been  found  desirable  for  the  department  to  carry  on  the  work 
independently,  and  the  arrangement  with  the  station  has  been  termi- 
nated. The  experiment  will  not  be  removed  from  the  State  of 
Wyoming. 

The  methods  of  breeding  have  not  been  changed.  Ewes  that  are 
short  in  fleece  are  bred  to  a  Delaine  ram,  which  shears  a  3-inch  staple. 
Ewes  with  folds  or  wrinkles  on  the  neck  are  bred  to  a  smooth-skinned 
ram  in  order  to  produce  lambs  that  will  be  smoother  than  their  dams. 
Ewes  not  especially  well  covered  over  the  head  and  legs  are  bred  to  a 
ram  especially  good  in  this  respect.  Small  ewes  are  bred  to  one  of 
the  largest  rams.  Ewes  which  show  a  tendency  to  coarseness  of 
fleece  are  bred  to  a  very  fine-fleeced  ram. 

The  lambing  season  the  past  spring  was  one  of  the  best  which  we 
have  yet  had.  Two  hundred  and  eighty-three  lambs  were  dropped, 
149  ewe  lambs  and  134  ram  lambs.  At  the  time  of  sending  the  ewes 
and  lambs  to  the  range  there  were  243  lambs.  Owing  to  the  fact 
that  we  have  had  two  very  poor  crops  of  lambs,  which  was  due  largely 
to  the  severe  weather  at  lambing  time  on  the  range,  it  was  decided 
last  winter  to  bring  the  ewtes  in  to  the  experiment  station  for  lambing. 
This  was  done  last  spring,  and  the  good  lamb  crop  was  the  result. 

The  breeding  ewes  averaged  105  pounds  in  weight  at  shearing  time 
and  sheared  an  average  of  10.6  pounds  of  wool.  The  yearling  ewes 
weighed  an  average  of  73.8  pounds  and  sheared  7.31  pounds.  The 
rams  sheared  an  average  of  14.2  pounds  per  head.  The  wool  was 
graded  as  follows:  Twenty -six  fleeces  as  fine,  240  fine  medium,  79 
medium,  and  1  low  medium.  The  ram  fleeces  were  graded  as  1  fine, 
2  medium,  and  5  fine  medium.  The  condition  of  the  wool  was  given 
as  follows:  Sixty-two  fleeces  were  in  poor  condition,  2  in  very  poor 
condition,  139  in  fair  condition,  and  129  in  good  condition.  The 
fleeces  of  the  ewes  averaged  2.27  inches  in  length. 

Ever  since  the  acquisition  of  the  Morgan  Horse  Farm  the  idea  has 
been  kept  in  mind  that  a  flock  of  sheep  should  be  maintained  there 
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for  their  beneficial  effect  on  the  land,  but  principally  to  encourage 
New  England  farmers  to  return  to  sheep  raising.  A  few  head  of 
registered  Southdowns  have  been  kept  for  some  time,  and  last  fall 
30  ewes  and  a  buck  were  purchased  from  one  of  the  best  flocks  in 
Canada.  An  old  bam  has  been  rebuilt  for  a  sheep  bam  and  a  shep- 
herd engaged.  Rams  will  be  sold  during  the  early  fall  after  they 
are  1  year  old,  and  every  effort  made  to  assist  in  building  up  the  sheep 
industry  of  New  England.   Last  spring  32  ewes  dropped  43  lambs. 

The  flock  of  sheep  at  the  Bureau  Experiment  Station  at  Bethesda, 
Md.,  comprises  21  head  of  Delaine  Merinos,  50  Barbados,  8  crossbred 
Merino-Barbados,  and  4  the  progeny  of  crossbreds.  The  Delaine 
Merinos  will  be  used  for  some  wool  experiments  during  the  coming 
year.  A  number  of  Barbados  ewes  will  be  bred  to  a  Southdown  ram 
for  the  production  of  early  lambs.  Owing  to  the  fact  that  these 
ewes  are  especially  good  milkers  and  will  breed  any  time  of  the  year, 
it  seems  that  they  should  be  valuable  for  crossing  with  mutton  rams 
for  the  production  of  early  lambs. 

At  the  present  time  the  bureau  has  a  flock  of  38  milch  goats — ^22 
old  does,  5  yearling  does,  8  kids,  and  3  bucks.  During  the  past 
kidding  season  we  have  not  had  very  good  results  with  the  goats,  as 
26  of  the  33  kids  dropped  had  goiter.  At  the  close  of  the  fiscal  year 
18  does  were  being  milked,  and  samples  of  the  milk  were  being  tested 
for  butterfat  and  subjected  to  chemical  analysis. 

CATFLE   BREEDTNC]. 
HOLSTEIN    CATTLE. 

A  field  superintendent  for  the  Holstein  cattle  work  in  cooperation 
with  the  North  Dakota  Experiment  Station  began  work  November 
15,  1909,  the  first  work  undertaken  being  to  test  all  the  cattle  in  the 
herd  of  each  member  of  the  circuit  for  tuberculosis.  Only  4  head 
reacted  in  400  tested.  Two  head  of  the  four  reactors  were  purebreds 
that  had  been  brought  in  from  other  States  for  the  circuit  work  and 
had  been  bought  subject  to  the  test.  The  other  two  were  grades  that 
had  been  in  the  herds  some  time. 

On  January  1  arrangements  were  made  for  keeping  the  record  of 
milk  and  fat  produced  \>y  each  cow  on  the  circuit.  The  milk  of  each 
cow  is  weighed  at  each  milking,  and  the  field  superintendent  visits 
each  farmer  once  a  month  and  makes  a  fat  test  of  the  milk  of  each 
cow.  The  cost  of  the  feed  is  also  being  determined  as  closely  as 
possible. 

The  breeding,  feeding,  and  general  care  of  the  cattle  in  the  herds 
are  closely  watched,  and  the  superintendent  gives  advice  on  these 
points  during  his  monthly  visits. 

Several  meetings  of  the  members  of  the  circuit  association  were 
held  during  the  year  for  instruction  in  better  methods  of  feeding  and 
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management  The  use  of  silos  is  being  especially  emphasized.  Mem- 
bers of  the  experiment  station  staff  have  assisted  at  these  meetings. 
The  members  of  the  circuit  and  farmers  of  the  surrounding  country 
and  of  the  State  as  a  whole  have  taken  a  great  deal  of  interest  in  the 
work  of  the  circuit  The  purdbred  Holsteins  of  all  ages  in  the  circuit 
number  71  head. 

In  the  near  future  it  is  expected  to  test  some  of  the  promising  cows 
and  heifers  for  the  advance  registry  of  the  Holstein-Friesian  Breed- 
ers' Association.  The  herds  will  be  carefully  culled  during  the  year 
and  the  culls  replaced  with  new  purchases. 

MILKING   SHORTHORNS. 

There  are  now  four  herds  in  the  circuit  for  the  breeding  of  milking 
Shorthorn  cattle  in  cooperation  with  the  Minnesota  Experiment  Sta- 
tion. During  the  year  one  herd  was  dropped  from  the  circuit,  and 
one  herd  was  added.  The  feeding  and  general  management  of  the 
herds  has  been  materially  improved,  and  more  careful  records  have 
been  kept.    Two  of  the  cooperators  are  now  putting  up  silos. 

The  two  sires,  Chief  of  Glenside  285899  and  Beau  of  Glenside 
286898,  are  now  past  3  years  old.  In  addition  to  what  is  known  of 
the  general  high  standard  of  the  milking  heredity  of  these  bulls, 
their  value  from  this  standpoint  has  been  much  enhanced  during  the 
past  year  by  the  record  of  18,000  pounds  of  milk  and  735  pounds  of 
butter  made  by  Rose  of  Glenside,  the  dam  of  Chief  of  Glenside  and 
the  half-sister  of  Beau  of  Glenside.  These  bulls  are  now  being  used 
entirely  oa  the  circuit.  They  have  sired  several  yearlings  and  about 
20  calves  dropped  in  the  fall  of  1909  and  spring  of  1910.  These  are 
a  thrifty,  rugged  lot  and  give  prcwnise  of  growing  into  very  good 
cattle. 

All  heifers  produced  by  approved  dams  will  be  reared  to  maturity, 
when  they  will  be  tried  out  at  the  pail.  Their  milk  production  in 
connection  with  their  general  conformation  and  breeding  power  will 
then  determine  their  value  to  the  project  The  bull  calves  are  being 
reared,  and  at  8  to  12  months  old  will  be  divided  into  three  classes — 
reserved,  approved,  and  rejected.  All  bull  calves  rejected  will  be 
sold  for  slaughter,  those  approved  will  be  sold  to  breeders  in  the 
usual  way,  and  those  reserved  will  be  kept  for  use  on  the  circuit. 

The  cows  on  the  circuit  ave  largely  the  same  as  last  year  except 
some  heifers  that  have  matured  and  a  few  cows  that  were  purchased 
in  the  East.  Four  cows  purchased  in  New  York  and  Pennsylvania 
have  been  added  to  the  experiment  station  herd. 

Three  heifers  of  the  same  breeding  have  also  recently  been  pur- 
chased for  one  of  the  herds  in  the  circuit.  They  are  all  in  their  first 
period  of  lactation  and  give  indications  of  proving  to  be  good 
producers. 


Digitized  by  LjOOQ IC 


30  27th  report,  bureaj  of  animal  industry. 

During  the  past  year  there  has  been  much  inquiry  and  a  rapidly 
increased  demand  for  Shorthorns' that  will  milk  profitably.  The  co- 
operators  have  had  no  females  and  few  bulls  to  sell.  The  majority 
of  buyers  are  demanding  milk  records  and  apparently  becoming 
more  discriminating  in  their  selection  of  breeding  animals. 

ANIMAL  BREEDING  INVESTIGATIONS. 

During  the  past  year  the  breeding  experiments  which  have  been 
under  way  at  the  Bureau  Experiment  Station  at  Bethesda,  Md.,  were 
continued  and  valuable  data  are  being  obtained. 

The  results  of  the  zebra  hybrid  breeding  work  have  been  fully 
described  in  an  article  submitted  for  publication  in  the  Twenty-sixth 
Annual^Report  of  the  bureau. 

The  inbreeding  experiments  are  making  satisfactory  progress. 
Data  have  been  obtained  from  about  5,000  guinea  pigs  during  the 
past  year.  Complete  results  of  the  work  can  not  be  reported  until 
later.  A  race  of  polydactylous  guinea  pigs  has  been  established  by 
selecting  sports  having  this  peculiarity  for  foundation  stock. 

The  results  obtained  from  the  rat-breeding  work  have  verified 
Mendel's  law  of  heredity  so  far  as  coat  color  is  concerned. 

POULTRY  INVESTIGATIONS. 
MAINE   WOEK. 

The  detailed  intensive  study  of  inheritance  of  egg  production  or 
fecundity  in  the  domestic  fowl  in  cooperation  with  the  Maine  Experi- 
ment Station  has  gone  forward  satisfactorily  during  the  year.  By 
the  plan  of  selection  now  being  practiced  it  has  been  possible  to  isolate 
from  the  flock  strains  or  "  blood  lines  "  which  are  breeding  true  to 
definite  standards  of  egg  production.  There  are  now  being  propa- 
gated (a)  lines  having  a  high  winter  egg  production,  (b)  lines  having 
a  medium  degree  of  winter  productiveness,  and  (c)  lines  of  low 
winter  production.  The  results  which  have  been  obtained  in  this 
work  are  of  a  definite  character  and  are  believed  to  be  of  fundamental 
sigiiificance,  not  only  in  relation  to  breeding  for  egg  production, 
but  also  in  relation  to  the  broader  problem  of  breeding  animals  for 
production  in  general,  whether  of  meat,  milk,  or  other  desirable 
qualities. 

The  experiment  in  breeding  hybrid  poultry  from  Barred  Plymouth 
Rocks  and  Cornish  Indian  Games  is  progressing  well.  By  the  appli- 
cation of  the  Mendelian  principles  it  has  been  possible  to  cwnbine  in 
one. strain  the  good  meat  quality  of  the  Cornish  Indian  Game  with 
the  good  laying  quality  of  the  Barred  Plymouth  Rock.  The  new  type 
thus  created  seems  to  be  a  very  desirable  one  from  the  utility  stand-' 
point    The  study  of  egg  production  of  these  hybrids  has  resulted  in 
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bringing  to  light  important  evidence  regarding  a  type  of  inherit- 
ance— sex  limited — ^hitherto  but  little  understood. 

In  connection  with  the  work  in  breeding  for  egg  production  a  de- 
tailed study  of  factors  influencing  the  fertility  and  hatching  quality 
of  eggs-  has  been  made,  which  shows  that  this  quality  is  a  definitely 
inherited  character  which  may  be  improved  by  selective  breeding. 

In  general  the  plans  for  the  future  contemplate  a  continuance  and 
further  development  of  the  work  already  under  way.    • 

INDEPENDENT  INVESTIGATIONS. 

During  the  year  the  poultry  investigations  at  the  Bureau  Experi- 
ment Station  have  been  continued.  The  comparison  of  the  dry  and 
moist  mash  and  the  hopper  systems  of  feeding,  begun  in  the  fall  of 
1906,  were  brought  to  a  close  in  the  fall  of  1909.  This  work  has  been 
carried  through  the  three  years,  and  three  successive  generations  of 
fowls  have  been  used.  The  results  have  been  so  variable  that  no 
definite  relation  between  egg  yield  and  method  of  feeding  has  been 
established. 

During  the  year  a  feeding  test  was  begun  with  cottonseed  meal  to 
see  whether  it  had  any  harmful  effect  on  laying  hens.  Five  pens  of 
fowls  were  used  in  this  test.  In  addition  to  a  grain  ration,  which 
each  pen  received,  there  was  fed  to  one  pen  a  mash  containing  about 
30  per  cent  of  cottonseed  meal,  and  to  another  a  mash  containing 
about  18  per  cent;  and  there  were  fed  to  the  other  pens,  as  checks, 
mash  containing  from  12  per  cent  to  40  per  cent  of  linseed  meal. 
The  mash  containing  30  per  cent  cottonseed  meal  was  as  rich  a 
cottonseed  mixture  as  the  hens  would  eat  readily.  This  experiment 
has  been  running  six  months  and  no  harmful  effects  which  can  be 
attributed  to  the  cottonseed  meal  in  the  ration  have  been  noted. 

A  short  experiment  to  determine  the  palatability  of  soy  beans  and 
cowpeas  as  a  feed  for  laying  hens  was  carried  on.  Three  pens  were 
used,  each  receiving  in  addition  to  their  mash  a  grain  feed  composed . 
in  the  check  pen  of  equal  parts  of  wheat  and  whole  com,  and  in  the 
other  pens  cowpeas  and  soy  beans  in  place  of  the  wheat.  After  a 
few  days  both  the  cowpeas  and  the  soy  beans  were  eaten  readily  and 
apparently  relished.  The  hens  seemed  to  do  quite  as  well  on  the 
cowpeas  or  the  soy  beans  as  on  the  ration  containing  wheat. 

During  the  winter  dried  beet  pulp  was  tried  to  some  extent  as  a 
green  feed.  This  material  furnished  a  green  feed  which  seemed  to 
be  quite  palatable,  cheap,  and  generally  satisfactory. 

The  work  at  Bethesda  has  been  greatly  handicapped  by  the  reap- 
pearance in  the  flock  of  coccidiosis  or  white  diarrhea,  the  disease 
which  caused  so  much  trouble  last  year.    This  has  rendered  it  impos- . 
sible  to  rear  satisfactory  young  stock,  those  escaping  death'  teing 
stunted  and  entirely  unfit  to  save  for  breeding  purposes.    The  effect 
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of  the  infection  is  also  apparent  in  the  old  stock,  causing  an  abncwr- 
mally  high  rate  of  m<M:tality,  greatly  reducing  the  vigor  and  the  egg 
yield. 

During  the  year  plans  have  been  perfected  for  following  up  the 
investigation  of  the  methods  of  handling  eggs.  A  preliminary  sur- 
vey of  this  field  had  previously  been  made,  and  the  information  thus 
obtained  is  to  be  followed  up  by  field  work.  The  plans  contemplate 
the  prosecution  of  this  problem  by  this  bureau  in  cooperation  with 
the  Bureau  of  Chemistry.  The  source  of  production  of  the  eggs, 
methods  of  feeding  the  hens,  conditions  under  which  the  eggs  are 
produced,  and  the  various  steps  and  conditions  in  the  handling  of 
the  eggs  till  they  reach  the  packing  house  will  be  studied  by  this 
bureau.  From  that  point  onward,  through  cold  storage  or  without 
it,  to  the  ultimate  consumer,  the  eggs  will  be  followed  by  the  Bureau 
of  Chemistry.  There  is  good  ground  for  the  belief  that  an  investi- 
gation of  this  character  will  result  in  a  cutting  down  of  much  of 
the  present  waste  and  deterioration  due  to  careless  or  ignorant  meth- 
ods and  will  eventually  mean  a  greater  return  to  the  producer  and 
a  better  average  quality  of  eggs  produced  in  the  summer  and  fall 
months  without  added  cost  to  the  consumer. 

ANIMAL.  NUTRITION. 

The  experiments  in  cooperation  with  the  Pennsylvania  State  Col- 
lege have  been  conducted  during  the  past  fiscal  year  for  the  purpose 
of  ascertaining  the  feeding  value  of  hominy  feed,  a  by-product  of 
the  manufacture  of  hominy  from  com,  concerning  which  little  accu- 
rate information  is  available.  A  comparison  was  made  of  this  feed 
with  the  com  from  which  it  was  manufactured,  and  incidentally  the 
energy  values  of  njixed  clover  and  timothy  hay  were  also  included  in 
the  investigation. 

BEEF  PRODUCTION  INVESTIGATION  a 

Investigations  in  beef  production  have  been  in  progress  for  six 
years  in  cooperation  with  the  Alabama  Experiment  Station,  and 
results  are  being  obtained  which  indicate  not  only  that  cattle  may  be 
profitably  fed  in  the  South,  but  that  the  South  offers  an  excellent 
field  for  the  extension  of  the  beef -producing  area  of  the  country. 
During  recent  years  these  investigations  have  been  confined  to  Sum- 
ter County,  and  the  work  has  been  done  imder  the  supervision  of 
Prof.  Dan  T.  Gray,  of  the  Alabama  Experiment  Station,  directly 
with  farmers  who  furnish  the  cattle,  the  feed  and  pasture,  and  all 
buildings  and  equipment.  The  department  and  the  Alabama  Experi- 
ment Station  furnish  the  men  to  carry  on  the  work.  One  assistant 
has  been  stationed  at  each  farm,  who  usually  selects  the  cattle  and 
feeds  them. 
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Until  the  last  fiscal  year  this  work  was  done  with  only  one  coop- 
erator  on  t^^o  farms,  but  last  year  another  cooperator  was  added  in 
the  same  county. 

The  following  questions  .are  being  studied:  Methods  of  carrying 
mature  beef  animals  through  the  winter  months  with  the  object  of 
fattening  them  on  pasture  the  following  summer ;  methods  of  carry- 
ing calves  through  the  winter  months  with  the  object  of  finishing 
them  the  following  summer  or  fall ;  to  determine  the  profit,  if  any,  in 
supplementing  the  smnmer  pasturage  with  certain  cotton  by-prod- 
ucts in  finishing  cattle  for  the  summer  or  fall  markets ;  to  determine 
the  most  profitable  amount  of  cottonseed  cake  to  feed  steers  where 
they  are  being  finished  on  pasture  for  the  market;  to  compare  silage, 
cottonseed  hulls,  and  Johnson-grass  hay  as  feeds  for  finishing  steers 
in  winter  time;  to  determine  the  value  to  the  soil,  as  measured  by 
succeeding  cotton  crops,  of  feeding  cattle  upon  that  soil. 

Results,  so  far  as  the  work  has  progressed,  have  been  prepared  for 
publication.  They  show  that  while  winter  feeding  may  be  some- 
times done  fairiy  economically,  sunmier  feeding  on  grass  has  been 
found  most  profitable.  For  example,  during  the  summer  of  1909 
cattle  were  fed  on  pasture  alone  at  a  cost  of  $1.03  per  100  pounds 
gain,  on  pasture  and  cottonseed  cake  at  a  cost  of  $3.21  per  100  pounds 
gain,  and  on  pasture  and  cotton  seed  at  a  cost  of  $2.39  per 
100  pounds  gain,  the  profit  per  steer  on  these  lots  being  $7.06,  $6.9,9, 
and  $8.39,  respectively.  A  lot  fed  a  shorter  time  on  a  ration  of 
cottonseed  cake  considerably  heavier  than  that  noted  above  cost  $2.70 
per  100  poimds  of  gain,  with  a  profit  of  $10.64  per  head. 

When  it  is  considered  that  these  profits  were  made  by  feeding  the 
cattle  alone,  without  hogs  to  follow  the  steers,  it  is  apparent  that  there 
is  an  undoubted  future  before  the  beef -cattle  industry  in  the  South. 
There  are  large  areas  in  the  South  well  adapted  to  profitable  beef 
production  and  where  no  cattle  are  now  fed.  There  are  therefore 
great  possibilities  before  the  South  to  add  to  a  beef  supply  that  is 
rapidly  decreasing  in  relative  if  not  in  actual  ratio  to  the  country's 
increase  in  population. 

During  the  fiscal  year  1911  an  investigation  will  be  made  into  the 
problems  underlying  the  shrinkage  of  beef  cattle  in  shipment,  both 
from  the  range  and  from  the  corn  belt. 

PORK   PRODUCTION    INVESTIGATIONS. 

During  the  fiscal  year  just  ended  studies  in  pork  production  were 
established  at  one  of  the  farms  in  Sumter  County,  Ala.,  where  beef 
work  is  in  progress.  The  object  of  this  work  is  to  carry  out  under 
farm  conditions  some  of  the  conclusions  that  have  already  been 
drawn  by  the  Alabama  Experiment  Station,  and  to  determine  the 
profits  that  can  be  realized  upon  a  herd  of  hogs  when  fed  and  handled 
•*— 11 3 
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in  a  businesslike  manner.  In  doing  the  work  a  complete  record  is 
kept  of  the  expense  of  making  the  various  forage  crops,  the  amount 
of  concentrated  feeds  given  all  hogs,  the  gain  in  weight,  etc.  In 
July,  1910,  there  were  138  hogs  in  the  test.  This  number  will  be 
increased  as  time  goes  on.  Purebred  boars  are  being  used  with 
ordinary  sows. 

supervision  of  pedigree  record  associations. 

The  investigation  of  the  draft-horse  studbook,  referred  to  in  my 
last  report,  was  completed  during  the  year,  and  the  society  publishing 
the  book  was  given  two  hearings  before  the  department.  In  general, 
it  may  be  said  that  as  a  result  of  the  conditions  disclosed  by  this 
investigation  it  has  become  necessary  for  the  department  to  exercise 
the  power  given  to  it  by  the  tariff  law  to  pass  upon  the  sufficiency  of 
the  pedigree  certificates  of  animals  imported  for  breeding  purposes, 
instead  of  delegating  this  function  to  certified  American  pedigree 
record  associations,  as  has  been  the  policy  heretofore. 

There  were  on  the  department's  list  of  certified  pedigi*ee  record 
associations  at  the  close  of  the  fiscal  year  135  books  of  record,  of 
which  66  were  American  and  69  foreign. 

BREEDING  IIORSF^  FOR  THE  UNITED  STATES  ARMY. 

The  question  of  breeding  horses  for  the  United  States  Army  has 
been  discussed  briefly  in  a  previous  portion  of  this  report.  The  fol- 
lowing discussion,  presenting  more  in  detail  the  difficulty  of  obtain- 
ing suitable  horses  for  Army  use,  the  great  need  of  Government 
encouragement  of  breeding  such  horses,  and  a  definite  plan  for  ac- 
complishing the  desired  object,  is  the  result  of  the  joint  consideration 
of  the  subject  by  representatives  of  the  Department  of  Agriculture 
and  the  War  Department  at  the  instance  of  the  Secretary  of  War. 
As  before  stated,  the  Department  of  Agriculture  was  represented  by 
Mr.  George  M.  Rommel,  Chief  of  the  Animal  Husbandry  Division  of 
the  Bureau  of  Animal  Industry,  and  the  War  Department  by  Capt. 
Casper  H.  Conrad,  jr.,  Third  Cavalry,  United  States  Army,  detailed 
for  duty  in  the  Quartermaster  General's  Department  in  connection 
with  the  purchase  of  remounts.  The  statement  setting  forth  the 
reasons  why  the  War  Department  regards  it  as  imperative  for  the 
Government  to  undertake  the  work  of  encouraging  the  breeding  of 
horses  for  the  Army  was  prepared  by  Capt.  Conrad  and  is  inserted 
here  with  the  consent  and  approval  of  the  Quartermaster  General. 
The  plan  for  breeding  the  horses  was  prepared  by  Mr.  Kommel  with 
the  assistance  of  Capt.  Conrad  and  other  officers  of  the  Army  sta- 
tioned in  Washington,  and  has  been  formally  approved  by  the  War 
Department. 
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The  Necessity  fob  Government  Encouragement  of  Breeding  Army  Horses. 

The  difficulty  experienced  by  the  Quartermaster's  Department  in 
procuring  remounts  seems  perfectly  natural.  The  early  settlement 
of  the  United  States,  particularly  the  eastern  part,  went  on  some  time 
before  the  advent  of  steam  and  electric  transportation,  and  the  settle- 
ment of  the  western  part  even  now  in  the  most  remote  points  takes 
place  without  the  assistance  of  modern  transportation.  In  all  new 
countries  the  horse  has  played  an  important  part  in  the  advancement 
of  civilization  and  the  general  scheme  of  settlement.  Even  in  the 
first  part  of  the  nineteenth  century  the  horse  was  a  very  much  more 
important  animal  in  Europe  and  the  British  Isles  than  at  present. 

During  the  opening  of  a  country  the  settler  must,  owing  to  the 
absence  of  roads  and  other  forms  of  transportation,  put  his  principal 
reliance  upon  the  horse;  he  is  forced  to  travel  trails  and  long  dis- 
tances, and  for  this  purpose  finds  that  he  needs  a  horse  suitable  to 
carry  him  quickly  and  comfortably  to  his  destination.  To  accompany 
him  and  carry  the  articles  necessary  for  his  daily  life  he  needs  a  pack 
animal.  So  long  as  conditions  remain  unchanged,  a  desirable  type 
of  saddle  and  pack  animal  will  exist  in  good  nimibers ;  but  so  soon  as 
the  coimtry  becomes  more  settled  and  habitations  more  permanent, 
the  mountain  trail  gives  place  to  the  road,  and  later  the  country  road 
to  the  worked  and  metaled  highway,  and  the  type  of  horse  rapidly 
changes.  The  necessity  for  the  saddle  animal  lessens ;  the  light-draft 
animal  becomes  more  important;  the  people  ride  less  and  discard  the 
expensive  pack  transportation ;  the  horse  is  attached  to  a  light  vehicle 
with  which  he  is  able  to  transport  more  than  one  person  or  a  heavier 
load.  As  the  roads  become  better  and  the  country  more  extensively 
cultivated  the  lighter  horse  is  used  more  for  pleasure  or  solely  as  a 
means  of  drawing  the  carriage ;  another  type  of  horse  becomes  more 
useful  and  economical,  and  the  light-draft  ty^e  appears  to  be  suc- 
ceeded by  the  heavy  draft.  Next  come  the  railroad,  the  trolley  line, 
and  the  automobile.  The  people  ride  and  drive  less,  and  fewer 
horses  of  the  riding  types  are  bred.  Hiding  is  indulged  in  almost 
solely  for  pleasure.  A  new  country  is  a  country  on  horseback;  an 
up-to-date  one,  a  country  in  an  easy  chair. 

In  the  United  States  the  type  of  horse  suitable  for  Army  purposes 
is  now  proportionately  less  numerous  because  it  is  not  found  neces- 
sary to  the  civilians  of  the  country,  and  the  Quartermaster's  Depart- 
ment is  finding  it  each  year  more  difficult  to  supply  the  yearly  de- 
mands of  the  mounted  branch  of  a  small  army. 

The  horses  of  our  mounted  branches  are  severely  criticized  by  rep- 
resentatives of  foreign  armies,  while  from  our  own  officers  come  re- 
ports of  poor  animals,  poor  performance,  many  quickly  developed 
unsoundnesses,  and  short  life. 
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As  an  illustration,  in  the  West  it  is  found  that  a  marked  change 
has  taken  place  in  recent  years  in  the  so-called  "  cow  pony."  Twenty 
years  ago  cattle  ranches  of  the  West  were  practically  without  fences 
and  unlimited,  and  the  cowman  found  it  necessary  to  breed  and  use 
a  type  of  quick,  active  pony.  As  the  West  became  settled  and  as 
agriculture  was  taken  up  the  large  free  ranges  changed  to  the  large 
fenced  pastures  of  a  few  years  ago.  These  large  pastures  are  now 
being  broken  up  into  even  smaller  ones.  The  yearly  round-up  requir- 
ing riding  over  immense  distances  and  active  work  has  about  disap- 
peared. To-day  cattle  are  not  chased  and  roped,  but  are  driven  into 
the  small  pastures  and  pens  and  quietly  handled.  The  quick  cow 
pony  of  the  past  has  given  place  to  a  larger  animal,  frequently  having 
a  cross  of  draft  blood.  Tt  may  be  said  that  the  cow  pony  of  the  West 
has  practically  disappeared. 

Virginia  has  long  been  famous  for  the  horse  known  as  the  Virginia 
hunter.  Even  the  breeding  of  this  type  of  horse  has  been  sadly 
affected  by  the  high  price  of  heavy-draft  horses  and  further  influ- 
enced by  the  fact  that  only  those  hunter-bred  horses  that  attained  full 
size  brought  high  prices.  Under  the  haphazard  methods  of  breeding 
in  vogue  in  these  sections  not  more  than  one  in  six  colts  could  be 
depended  upon  to  attain  the  size  necessary  to  bring  a  high  price,  and 
the  farmer  found  himself  the  possessor  of  four  or  five  small  horses  for 
which  there  was  no  steady  market.  When  he  found  that  all  draft 
colts,  in  spite  of  minor  blemishes,  brought  good  prices  as  3-year-olds, 
he  at  once  ceased  to  breed  the  hunter  type,  with  its  many  misfits,  and 
commenced  on  heavy  draft  horses.  The  disappointment  in  the 
hunter-bred  horse  would  not  have  been  so  great  had  the  breeding  of 
this  type  been  done  scientifically  and  rationally.  The  hunter-bred 
horse  as  now  raised  in  Virginia  is  sired  almost  entirely  by  stallions 
either  sent  to  the  country  gratis  or  sold  at  small  prices  to  individuals 
by  wealthy  people  in^the  North,  who  desire  hunters  and  are  looking 
to  the  future  supply.  A  farmer  living  in  the  neighborhood  of  a  thor- 
oughbred stallion  and  feeling  that  he  would  like  to  breed  a  hunter 
will  take  advantage  of  the  nearest  and  cheapest  stallion  in  his  neigh- 
borhood, regardless  of  what  the  result  may  be.  All  that  he  considers 
necessary  is  that  the  horse  should  be,  first,  a  thoroughbred,  and,  sec- 
ond, that  he  should  be  a  pleasing  individual,  never  taking  into  con- 
sideration the  fact  that  the  mare  might  not  be  suited  to  the  horse  nor 
the  horse  to  the  mare.  Hence  the  misfits,  the  discouragement,  and  the 
decrease  in  number  of  the  hunter  type.  It  is  said  that  not  one-tenth 
as  many  hunters  are  bred  in  Virginia  to-day  as  formerly. 

Even  more  appalling  than  the  present  scarcity  of  horses  suitable 
for  military  purposes  in  this  country  is  the  large  number  of  unsound 
horses  that  are  constantly  being  examined  by  purchasing  oflScers. 
Horses  of  this  class  can  be  the  result  of  but  one  thing,  and  that  is 
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an  absolutely  irrational  system  of  breeding,  or  the  lack  of  any  system 
whatsoever.  When  it  is  remembered  that  a  soimd  and  serviceable 
horse  of  a  particular  type  costs  no  more  to  raise  than  an  unsound 
horse,  the  immense  waste  caused  by  our  present  lack  of  system  is 
only  made  more  apparent 

The  enactment  in  a  number  of  States  of  laws  whose  effect  is  to 
prohibit  the  standing  of  unsound  stallions  for  public  service  will  no 
doubt,  in  time,  tend  to  correct  this  evil;  but  not  until  the  horse- 
raising  States  generally  prohibit  absolutely  the  public  stud  service 
of  unsound  stallions  will  unsound  horses  be  less  common  on  the 
market.  Such  legislation  in  one  State  is  an  excellent  thing  for  that 
particular  State,  but  it  is  very  likely  to  drive  all  the  imsound  stal- 
lions across  the  borders  into  adjoining  States  where  laws  against  the 
unsound  stallion  do  not  exist. 

The  next  census  will  probably  show  that  there  are  in  the  neighbor- 
hood of  23,000,000  horses  in  the  United  States.  It  would  seem  that 
in  this  immense  number  there  must  be  many  thousands  of  horses  suit- 
able as  remounts  for  the  Army,  and  there  probably  are;  but  the  fact 
that  the  type  desired  is  comparatively  scarce,  and  that  the  horses  that 
would  do  are  scattered  over  an  immense  area  and  are  in  demand  for 
other  purposes  than  the  military,  makes  it  not  only  expensive  and 
impracticable  to  obtain  them,  but  next  to  impossible  to  do  so. 

The  purchase  of  young  horses  for  the  Army  during  the  last  fiscal 
year  has  been  more  or  less  successful,  but  all  officers  connected  with 
the  Quartermaster's  Department  have  reported  that  while  they  were 
obtaining  a  fair  number  of  horses,  they  could  see  no  prospect  of 
obtaining  them  in  any  number  in  future  years,  and  all  report  the 
apparent  necessity  for  the  Government's  assistance  in  the  rational 
breeding  of  Army  horses  in  the  country. 

As  no  system  of  supply,  so  far  as  the  Army  is  concerned,  which 
deals  with  peace  conditions  alone,  is  complete,  the  War  Department 
must  constantly  keep  in  mind  the  possibilities  of  war,  and  it  is  not 
surprising  that,  finding  difficulty  in  purchasing  a  supply  of  remounts 
for  the  peace  Army,  there  should  be  more  or  less  uneasiness  when 
war  requirements  are  considered. 

The  waste  of  horseflesh  in  war  times  is  enormous,  and  in  a  war  of 
any  magnitude  in  which  this  country  might  be  engaged  the  number 
of  horses  required  will  not  be  confined  to  the  thousands  per  year,  but 
wUl  extend  into  the  hundreds  of  thousands. 

In  this  connection  attention  is  invited  to  a  few  of  the  records  on 
this  subject : 

There  were  purchased  for  the  armies  of  the  Federal  Government  in  the  fiscal 
year  ending  June  30,  1804,  188,718  horses.  There  were  captured  from  the 
enemy  and  reported  20,388.  I..eaving  out  of  consideration  those  captured  and 
not  reported,  It  should  be  observed  that  the  Army  required  500  horses  each  day 
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for  remounts.  This,  therefore,  is  the  measure  of  destruction  of  horses  durtng 
the  same  period. 

During  the  eight  montlis  of  the  year  1864  the  Cavalry  of  the  Army  of  the 
Potomac  was  supplied  with  two  remounts,  nearly  40,000  horses.  The  supply 
of  fresh  horses  to  the  Army  of  Gen.  Sheridan  during  his  campaign  in  the 
Valley  of  the  Shenandoah  has  been  at  the  rate  of  150  per  day. 

During  the  Russian  campaign  the  French  crossed  the  Nleman  in  June,  1812, 
with  cavalry,  artillery,  and  train  horses  to  the  extent  of  127,121.  About  60,000 
of  these  pertained  to  the  Cavalry.  On  December  13  the  remnant  of  the  invad- 
ing army  recrossed  the  Nleman  with  1,600  cavalry  horses.  In  six  months  the 
horses  had  all  disappeared. 

Examples  of  the  terrible  waste  of  horseflesh  during  war  might 
be  multiplied  ad  libitum. 

The  questions  of  remoimts  for  the  Army  became  so  serious  during 
the  Civil  War  that  in  1863  the  cavalry  bureau  was  established.  One 
of  the  principal  duties  of  this  bureau  was  the  purchase  and  inspection 
of  horses  for  the  Army.  Six  remount  depots  were  established.  The 
most  important  of  these  was  Giesboro  Manor,  situated  on  the  north 
bank  of  the  Potomac,  nearly  equal  distance  between  Washington  and 
Alexandria.  To  show  the  magnitude  of  operations  of  the  cavalry 
bureau,  the  following  report  of  the  Giesboro  depot  is  given : 

On  hand  Oct  1,  1863,  Cavalry  horses 4,281 

Received  to  Dec.  31,  1863 36,982 

Total 41, 213 

Issued 22,204 

Sold 1, 651 

Died 1, 637 

Total 25. 402 

On  hand  Jan.  1,  1864 -15,721 

Received  by  purchase,  Jan.  1,  1864,  to  June  30,  1866 5,326 

Received  from  other  depots  for  issue 59,507 

Received  for  recuperation 85,980 

Received  by  transfer  from  Artillery 4,120 

Total , ., 170, 654 

Issued  to  armies  in  the  field 96,006 

Issued  to  officers  after  June  30,  1865 1,574 

Issued  for  sale  or  sold  at  depot 48,721 

Died 24,321 

Total 170,  622 

On  hand  June  30,  1866 32 

This  does  not  take  into  consideration  the  twelve  or  thirteen  thousand  Artil- 
lery horses  handled  at  this  depot. 

This  report  closes  with  the  abandonment  of  the  depot,  but  it  is 
to  be  remembered  that  nearly  all  the  Volunteer  Cavalry  was  mustered 
out  immediately  after  the  surrender  of  Gen.  Lee's  army  the  preceding 
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year,  so  that  nearly  all  the  horses  were  handled  during  a  period  of 
18  months. 

Until  recently  acts  of  Congress  appropriating  money  for  the  pur- 
chase of  horses  for  the  Army  required  that  they  should  be  purchased 
by  contract  from  the  lowest  responsible  bidder,  after  acjyertisement. 
The  specifications  of  the  horse  to  be  delivered  under  contract  are  those 
of  a  perfect  animal,  which,  of  course,  is  seldom  seen.  The  inspectors 
and  purchasing  officers  are  required  to  reconcile  these  specifications 
with  existing  conditions,  keeping  in  mijid  fairness  both  to  the  con- 
tractor and  to  the  Government.  This  system  led  to  the  building  up 
of  the  class  of  middle  men  who  purchased  animals  from  the  breeders, 
presented  them  for  the  action  of  the  Government  inspectors,  and  sold 
them  at  the  contract  price.  Until  recently  this  price  ranged  from 
$100  to  $150.  Considering  the  large  expense  to  which  the  contractor 
would  be  put,  it  could  not  be  expected  that  all  of  the  Government's 
money  would  be  invested  in  horseflesh.  The  result  was,  considering 
the  profit  by  the  contractor,  his  expenses,  etc.,  that  the  price  paid 
by  the  Government  secured  for  the  Cavalry  a  horse  worth  from  $70 
to  $100.  Nothing  is  known  of  the  breeding  of  these  animals  further 
than  that  they  were  "  probably  of  such  and  such  breeding."  Often 
the  question  of  breeding  was  not  raised,  the  principal  requisite  being 
that  they  should  give  promise  of  performing  the  duties  expected  of 
them. 

The  contract  system  has  tended  to  discourage  the  horse  breeder  of 
the  country,  as  the  money  paid  him  by  the  contractor,  after  much 
haggling,  was  often  very  little  more  than  the  cost  of  raising  the  horse. 
There  has  been  no  incentive  for  breeders,  even  in  the  best  naturally 
endowed  sections,  to  breed  the  type  of  horse  that  the  Army  needs.      ' 

Again,  in  recent  years  the  demands  for  heavy  draft  animals  for 
farming  purposes,  the  high  prices  that  these  animals  are  bringing^ 
the  fact  that  they  cost  no  more  to  raise,  and  bring  even  a  higher  price 
although  blemished,  has  had  a  further  bad  effect  upon  the  breeding 
of  the  desired  saddle  type.  Even  before  the  present  high  prices  of  all 
horses  and  the  higher  price  of  the  draft  horse  existed,  the  breeding 
of  the  type  considered  best  for  Army  purposes  received  another  severe 
setback  by  the  adoption  of  electric  and  cable  street  railways  and  the 
extension  of  the  trolleys.  While  not  generally  appreciated,  the  best 
"  railroaders,"  as  the  horses  used  for  street  cars  were  called  in  the 
market,  were  the  very  kind  that  makes  the  best  cavalry  mount.  This 
horse  was  desirable  for  street-car  purposes  because  of  his  endurance 
and  his  willingness  to  work. 

The  contract  system  received  its  first  serious  setback,  from  the  con- 
tractor's standpoint,  when  the  Army,  due  to  the  clamor  for  better 
mounts,  insisted  upon  a  closer  compliance  with  the  contract  specifica- 
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tions  and  rejected  more  of  the  horses  presented  by  the  contractor. 
The  sudden  rise  in  the  price  of  horses  further  embarrassed  the  con- 
tractor, and  the  added  difficulty  of  obtaining  horses  to  present  for 
inspection  caused  many  of  the  contractors  to  fail  in  their  deliveries^ 
made  otherg  reluctant  to  bid,  later  led  to  the  impossibility  of  obtain- 
ing horses  under  this  system  in  certain  sections,  and  finally  led 
to  authority  being  given  by  Congress  for  open-market  purchases. 
This  method,  while  apparently  a  little  more  expensive  to  the  Gov- 
ernment, had  the  advantage  of  eliminating  the  middle  man,  giving 
the  breeder  all  the  money  which  the  Government  was  willing  to  pay 
for  horses,  and  giving  the  Government  value  received  in  horseflesh. 

The  establishment  in  1908  of  the  remount  depots  has  further  im- 
proved the  type  of  horse  for  the  Army,  as  the  system  of  purchasing 
young  horses  3  and  4  years  old,  often  unbroken,  has  enabled  the  Gov- 
ernment to  get  the  best  type  of  horse  before  he  has  cost  the  breeder 
much  money  and  when  he  could  be  sold  for  a  reasonable  amount. 
These  horses,  sent  to  the  depots  for  maturing  and  handling,  and 
finally  issued  to  troops  as  4J  and  5  year  olds,  whUe  costing  the  Gov- 
ernment more  per  head  than  the  horses  5  and  6  years  old  formerly 
purchased  and  issued  directly  to  troops,  are  very  much  better  horses 
from  the  beginning,  are  properly  developed  at  a  critical  period  in 
their  existence,  rationally  handled,  and,  when  issued  to  troops,  have 
been  received  with  enthusiasm  as  a  great  improvement  over  the  ma- 
tured horses  formerly  issued  under  the  old  system.  Even  considering 
the  high  market  value  of  horses  at  present,  it  is  believed  that,  under 
the  remount  system,  horses  can  be  issued  to  troops  at  not  to  exceed  a 
total  average  cost  of  $225.  The  latest  contract  price  of  Cavalry 
horses  is  $183.75;  for  Artillery  horses,  $213.75.  Many  of  the  late 
contract  horses  are  young  and  require  some  handling  at  depots  before 
suitable  for  service ;  others  are  mature. 

Horses  purchased  as  mature  under  the  old  system  have  had  a  useful 
life  in  the  Army  of  6.4  years  on  an  average.  The  better  grade  of 
horses,  such  as  are  now  being  purchased,  rationally  developed  and 
handled,  should  and  will  have  a  useful  average  life  of  10  years.  It  is 
easy  to  see  that  the  better  horse  issued  from  the  depot  at  a  cost  of 
$225  that  lasts  10  years  is  cheaper  than  the  horse  costing  from  $183  to 
$213  lasting  only  6.4  years.  In  addition  the  Army  will  have  had  a 
better  horse  throughout  the  entire  period  of  usefulness.  The  horses 
being  issued  from  the  depot  could  undoubtedly  be  sold  at  time  of 
issue  at  a  handsome  profit.  ?tany  individuals  would  bring  fancy 
prices.  It  is  needless  to  say  that  if  it  were  possible  to  purchase  them 
in  issue  form,  it  would  be  necessary  to  pay  much  more  than  they  have 
cost  under  the  depot  system. 

European  countries  long  ago  found  it  not  only  advisable  but  neces- 
sary to  supervise  the  breeding  of  horses  in  order  to  supply  the  de- 
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mands  of  their  armies,  and  every  European  country  of  importance, 
with  the  exception  of  England,  has  for  years  been  encouraging  the 
breeding  of  the  proper  type  of  army  remount.  England,  one  of  the 
most  important  horse  countries  of  the  world,  has  for  many  reasons 
only  recently  been  forced  to  this  step.  It  is  interesting  to  note  that 
practically  the  same  conditions  confront  England  that  confront  this 
country  at  the  present  time,  and  that  almost  identical  steps  are  con- 
templated in  the  two  Anglo-Saxon  countries  to  accomplish  the  same 
result — suitable  army  horses  in  sufficient  number. 

A  Plan  fob  Breeding  Horses  fob  the  United  States  Army. 

NUMBER  OF   STALLIONS   REQUIRED. 

From  the  best  information  available  it  would  appear  that  a  com- 
prehensive plan  to  breed  the  horses  needed  for  the  mounted  service 
of  the  Army  on  the  present  peace  footing  should  provide  for  not  less 
than  2,000  horses  a  year  and  need  not  exceed  an  estimated  allowance 
for  over  2,500  a  year. 

To  determine  the  number  of  stallions  needed  for  this  wort,  allow- 
ances must  be  made  for  failure  of  stallions  to  get  in  foal  all  mares 
served,  for  ordinary  losses  of  foals,  and  for  failure  of  foals  bred  to 
prove  suitable  for  remounts. 

A  good  sound  stallion  will  get  about  75  per  cent  of  his  mares  in 
foal.  Of  the  resulting  foals  an  average  of  at  least  10  per  cent  will 
die  from  various  causes  before  they  are  old  enough  to  be  purchased 
as  remounts.  In  the  proposed  Army  horse-breeding  work  probably 
about  50  per  cent  of  the  remainder  would  be  suitable  for  remounts. 

Based  on  an  estimate  of  100  stallions,  the  following  results  could 
be  expected  for  varying  numbers  of  mares  served  by  each  stallion : 


Number  of 

mares  covered 

by  each 

staUion. 

Estimated 
number  of  suit^ 
able  remounts 
bylOOstaUions. 

40 
50 
60 
70 

1,350 
1,688 
2,025 
2,363 

An  estimate  of  100  stallions  would  therefore  appear  to  be  conserva- 
tive. It  is  doubtful  if  stallions  average  more  than  70  mares  a  season, 
as  a  rule.  In  some  localities  it  would  probably  be  possible  to  stand 
stallions  for  a  short  fall  breeding  season  in  addition  to  the  usual 
spring  season,  ip  which  case  a  larger  number  of  mares  could  be 
covered.  In  others  only  a  spring  season  would  be  feasible,  and  a 
smaller  number  of  suitable  mares  might  be  offered. 
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DISTRIBUTION   OF   STALLIONS. 

The  country  should  be  divided  into  four  or  more  breeding  dis- 
tricts, as  follows,  and  stallions  assigned  as  indicated: 

New  Bkigland  district  (vicinity  of  Maine  and  New  Hamp- 
shire)      10  Morgans. 

Central  district   (Virginia,  West  Virginia,  Kentuclcy,  and f  30 Throroughbreda 
Tennessee,  with  perhaps  certain  sections  of  Indiana  andj  10  Standardbreds. 
Ohio).  1 10  Saddlers. 

Southwestern  district  (vicinity  of  Missouri  or  Texas,  wlthf    5  ga^^er?^*^^^ 
perhaps  certain  sections  of  Iowa).  \    5  standardbreds. 

Northwestern  district  (Montana,  Washington,  Oregon,  and/ 15  Thoroughbreds, 
perhaps  California).  1 10  Standardbreds. 

Total 100 

It  might  be  well  io  subdivide  one  or  more  of  these  districts.  The 
above  arrangement  is  worked  out  to  establish  such  districts  so  that 
they  will  be  in  reasonable  proximity  to  Government  stations  where 
the  stallions  may  be  kept  between  breeding  seasons. 

NUMBEB  OF  REMOUNTS  AVAILABLE  ANNUALLY. 

Based  on  the  foregoing  estimates,  the  number  of  remoimts  avail- 
able yearly  from  these  sections  would  be  as  follows,  with  stallions 
covering  the  maximum  of  70  mares,  and  taking  24  as  a  convenient 
unit  for  the  number  of  suitable  remounts  got  by  each  stallion 
annually : 

New  England  district 240  I  la  If -Morgans. 

720  Halfbreds. 
Central  district {      240  Half-Standardbreds. 

240  Saddlers. 

120  Halfbreds. 

120  Saddlers. 

120  Half-Standardbred& 

360  Halfbreds. 

240  Half-Standardbreds. 


Southwestern  district- 


Northwestern  district- 


Total 2, 400 

A  considerable  number  of  the  horses  sired  by  the  Morgan  and 
Standardbred  stallions  would  be  suitable  for  cavalry  remounts,  but 
a  much  larger  number  would  be  preferable  for  the  field  artillery. 
The  number  of  estimated  remounts  by  Morgans  and  Standardbreds 
is  840.  In  selecting  stallions  of  these  breeds,  due  consideration 
should  be  given  the  necessity  for  artillery  remounts. 

SKLECTION  OF  BREEDING  DISTRICTS. 

Those  localities  should  be  selected  for  breeding  districts  where  con- 
ditions are  especially  suited  to  horse  raising,  where  the  type  of  mares 
is  most  likely  to  approach  the  type  of  horses  desired  for  the  Army, 
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where  a  light  type  of  horse  will  always  in  the  long  run  be  the  most 
profitable  to  the  farmer  and  draft  horses  least  likely  to  gain  a  firm 
foothold,  and  where  mares  are  suflBiciently  numerous  to  give  the  stal- 
lions maximum  service.  A  careful  survey  of  the  horse-raising  dis- 
tricts of  the  country  will  be  necessary  before  this  qu^tion  is  settled, 
and  the  returns  of  the  Thirteenth  Census  can  probably  be  used.  The 
Bureau  of  Statistics  of  the  Department  of  Agriculture  states  that  it 
is  impossible  to  use  its  returns  for  this  purpose.  Perhaps,  however, 
that  bureau  could  assist  in  making  the  survey. 

The  Government  reservations  where  stallions  would  be  kept  be- 
tween the  breeding  seasons  would  be  the  pomts  around  which  the 
work  would  center.  In  some  cases  it  might  be  possible  to  stand  some 
stallions  on  the  central  station  itself.  Stallions  should  be  distributed 
in  lots  of  five  around  the  central  stations,  and  such  further  distribu- 
tion could  be  made  as  necessity  required.  At  the  close  of  the  season 
they  would  be  returned  to  the  central  station  and  kept  there  imtil  the 
next  or  sent  to  another  locality. 

•  THE    EXPERIMENTAL    FEATURE. 

The  plan  has  experimental  possibilities  of  the  highest  order,  which 
should  be  utilized.  The  leading  features  are  the  test  of  the  value  of 
different  breeds  to  produce  remounts  and  the  value  of  different  soils 
and  climates  for  the  purpose,  which  could  soon  be  determined  by  the 
Army  by  keeping  records  of  performance.  Certain  troops,  squad- 
rons, and  batteries,  and  entire  regiments,  could  be  supplied  with  re- 
mounts bred  in  a  certain  way  in  certain  localities,  and  the  possibili- 
ties of  the  plan  from  an  experimental  standpoint  would  thus  become 
very  great.  By  the  time  a  second  large  appropriation  to  purchase 
stallions  would,  if  ever,  be  necessary,  the  Government  would  be  in 
possession  of  facts  which  would  enable  it  to  show  definitely  whether 
the  plan  had  been  successful,  and  whether  any  crosses  or  localities 
should  be  eliminated  from  further  consideration.  It  might  be  well, 
also,  to  consider  the  feasibility  of  arranging  with  the  breeders  to  re- 
serve a  small  number  of  high-class  fillies  each  year  for  breeding  pur- 
poses; otherwise  mare  owners  would  be  compelled  to  replace  their 
mares  by  purchase,  which  would  bring  the  problem  little  nearer  solu- 
tion at  the  end  of  20  or  50  years  than  it  was  at  the  beginning.  That 
it  is  possible  in  time  to  fix  the  type  desired  for  remounts  is  by  no 
means  questionable,  and  this  may  indeed  be  very  desirable. 

TERMS   OF   SERVICE. 

No  mare  should  be  bred  to  a  Government  stallion  until  she  has  been 
approved  by  the  proper  officer  as  of  the  type  suitable  to  prcxir^" 
remounts.    The  common  unsoundness,  the  tendency  to  which 
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be  transmitted  from  one  generation  to  another,  should  naturally  dis- 
qualify a  mare,  but  even  more  important  would  be  the  necessity  to 
refuse  a  mare  on  account  of  manifest  faults  of  conformation,  action, 
or  quality. 

The  terms  of  service  should  be  free,  the  owner  of  the  mare  entering 
into  a  contract  to  give  the  War  Department  an  option  on  the  result- 
ing foal  during  the  year  it  is  3  years  old  (estimating  a  horse  to  be  1 
year  old  on  the  1st  of  January  after  it  is  foaled)  at  a  price  to  be 
fixed  before  the  mare  is  bred.  A  provision  should  be  included  in 
the  contract  that  the  mare  must  remain  in  the  owner's  possession 
until  the  foal  is  weaned,  and  that,  in  case  the  foal  is  sold  before  the 
War  Department  has  exercised  its  option,  a  service  fee  shall  be 
exacted  from  the  breeder  of  the  foal.  Provision  should  be  made, 
however,  to  cover  such  emergencies  as  the  death  of  the  breeder,  etc. 

The  price  contracted  to  be  paid  for  remounts  should  be  fixed  annu- 
ally for  each  State  by  a  board  of  arbitration  before  the  breeding  sea- 
son opens,  subject  to  the  approval  of  the  Secretary  of  War.  For 
example,  in  January  or  February,  1912,  this  board  would  meet  in. 
each  State  mentioned  above  and  agree  upon  the  price  to  be  ^aid  for 
remounts  bred  in  that  State  to  be  purchased  in  1916 ;  in  1913  prices 
to  be  paid  in  1917  would  be  fixed,  and  so  on.  The  arbitration  board 
should  be  composed  of  an  officer  of  the  Army,  an  officer  of  the  Depart- 
ment of  Agriculture,  and  a  citizen  residing  in  the  State,  preferably 
a  competent  horseman.  In  purchasing  remounts,  no  discrimination 
should  be  made  against  mares;  colts  should  havjB  been  castrated  at 
the  breeder's  expense,  preferably  between  1  and  2  years  of  age. 

OBGANIZATION. 

The  breeding  work  would  be  administered  by  the  Bureau  of  Ani- 
mal Industry  of  the  Department  of  Agriculture  through  the  Chief 
of  the  Animal  Husbandry  Division.  This  division  would  direct  the 
work  under  the  super\asion  of  the  chief  of  the  bureau,  and  keep  the 
breeding  records  and  the  reports  on  the  development  of  the  foals. 
Not  later  than  January  1  of  each  year  it  should  furnish  a  report  for 
transmission  to  the  War  Department  on  the  actual  number  of  3-year- 
olds  in  each  breeding  district  available  for  purchase  during  the  year 
and  the  probable  number  of  these  that  will  make  satisfactory  re- 
mounts. A  competent  animal  husbandman  should  be  employed,  with 
headquarters  at  Washington,  as  a  traveling  inspector  of  breeding 
stations,  to  keep  the  department  in  close  touch  with  the  work  in  ad- 
dition to  receiving  regular  reports  from  the  breeding  districts. 

The  men  in  charge  of  the  breeding  districts  should  be  obtained 
from  the  field  force  of  the  Bureau  of  Animal  Industry.  These  men 
should  be  good  veterinarians,  with  a  thorough  knowledge  of  horse 
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husbandry.  Their  field  experience  would  make  them  invaluable  for 
this  work,  and  the  loss  to  the  field  service  of  the  bureau  would  be 
more  than  compensated  by  the  fact  that  they  could  handle  the  work 
better  than  any  men  who  might  be  obtained  from  the  outside.  If  the 
Government  undertakes  this  project  it  must  do  so  under  the  most 
favorable  auspices,  and  no  risk  of  failure  should  be  run.  As  success 
would  largely  depend  on  the  ability  of  the  men  in  charge  in  the  field, 
the  best  men  available  should  be  obtained.  The  expert  assistants  to 
men  in  charge  of  breeding  districts  should  be  animal  husbandry 
graduates  of  agricultural  colleges,  and  not  veterinarians.  This  would 
balance  the  service  in  a  very  effective  way. 

The  duties  of  these  men  would  be  to  direct  the  work  at  the  breeding 
stations  in  their  districts,  to  attend  to  the  keeping  of  the  records,  to 
advise  mare  owners  on  the  care  of  horses,  and,  if  possible,  to  travel 
through  their  districts  before  the  breeding  season  opens  and  approve 
mares,  directing  how  they  should  be  bred,  if  necessary.  Until  the 
work  is  on  a  thorough,  well-organized  basis,  the  approval  of  mares 
should  be  done  by  the  men  in  charge  of  districts  or  their  expert 
assistants. 

The  men  in  charge  of  stallions  as  stud  grooms  should  be  employees 
of  the  Department  of  Agriculture,  for  whose  appointment  experience 
in  the  handling  of  horses  should  be  the  first  consideration.  Prefer- 
ence should  be  given  men  who  had  been  honorably  discharged  from 
the  mounted  service  of  the  Army  and  who  presented  certificates  from 
officers  in  whose  commands  they  had  served  showing  their  proficiency 
in  horsemanship. 

It  is  hardly  necessary  to  point  out  the  desirability  of  having  the 
breeding  service  so  organized  that  it  will  be  carried  on  from  year 
to  year  by  the  same  or  about  the  same  corps  of  employees,  in  order 
that  it  may  have  a  definite,  stable,  and  continuous  policy. 

THE  PUBCHASE  OF   STALLIONS. 

Stallions  should  be  purchased  by  a  board  of  three,  composed  of  an 
officer  of  the  Army,  an  officer  of  the  Department  of  Agriculture,  and 
a  practical  horseman,  whose  knowledge  of  breeds,  pedigree,  and 
markets,  and  whose  integrity  can  be  relied  upon. 

In  selecting  the  stallions,  suitability  for  the  purpose  and  freedom 
from  unsoundnesses  likely  to  appear  in  progeny  should,  of  course,  be 
first  considered,  and  the  stallions  should  be  old  enough  to  have  shown 
their  worth  as  sires  of  the  class  of  horses  desired.  In  buying  Stand- 
ardbreds.  Saddlers,  and  Morgans,  any  tendency  to  pace,  rack,  mix 
gaits,  paddle  in  front,  or  sprawl  behind  should  disqualify,  and  only 
those  stallions  should  be  selected  which  come  from  families  which 
show  none  of  these  tendencies  to  a  marked  degree.  The  presence  of 
such  faults  in  their  get  would,  of  course,  disqualify  them. 
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EXPENSE. 

It  is  believed  that  this  plan  could  be  put  into  full  operation  at  a 
cost  not  to  exceed  $250,000  for  the  first  year.  This  will  allow  for  the 
purchase  of  first-class  stallions  with  proved  stud  records  and  will 
provide  for  the  employment  of  first-class  men  to  carry  on  the  work. 
The  expense  in  subsequent  yeai*s,  on  the  same  basis  of  100  stallions, 
would  require  appropriations  estimated  at  $100,000  annually,  which 
would  allow  for  the  replacing  of  stallions  as  necessity  required. 

On  the  basis  of  40  mares  per  stallion  the  system  would  cost  about 
$40  per  colt  produced.  If  the  maximum  of  70  mares  were  covered 
by  each  stallion,  the  cost  per  colt  produced  would  be  about  $20.  Con- 
sidering the  fact  that  the  normal  stud  fee  in  the  country  is  from  $10 
to  $25,  with  a  probable  average  of  $15,  it  will  be  seen  that  under  this 
system  the  expense  would  be  somewhat  greater  than  by  using  pri- 
vately owned  stallions,  but  it  is  believed  that  the  advantages  of  breed- 
ing and  the  results  in  foals  would  more  than  compensate  for  the 
increase.  While  the  increased  cost  would  not  necessarily  be  made  up 
to  the  Central  Government,  the  increase  in  State  and  local  taxes  on 
more  valuable  foals  would  more  than  counterbalance  the  loss  under 
this  system.  As  a  matter  of  fact  the  resultant  cost  of  such  a  careful 
system  of  breeding  can  not  be  computed  in  dollars  and  cents,  par- 
ticularly as  the  effect  of  systematic  effort  in  the  breeding  of  Army 
remounts  should  have  such  a  favorable  influence  on  all  breeding  in 
this  country  as  to  be  of  inestimable  benefit  to  the  horse  industry  and 
far  outweigh  any  expense  that  might  be  debited  against  this  system. 

THE  DAIRY  DIVISION. 

The  Dairy  Division,  of  which  Mr.  B.  H.  Rawl  is  chief,  covers  in  a 
broad  way  work  relating  to  the  dairy  industry.  This  work  is  organ- 
ized in  five  branches,  as  follows:  Dairy  farming  investigations, 
dairy  manufacturing  investigations,  market  milk  investigations,  re- 
search laboratories,  and  renovated  butter  inspection. 

A  valuable  part  of  the  work  of  the  Dairy  Division  is  the  diffusion 
of  helpful  information  among  those  engaged  in  the  various  branches 
of  the  dairy  industry.  An  important  means  of  furthering  this  object 
is  by  attending  meetings  and  giving  lectures  and  addresses.  During 
the  fiscal  year  the  Dairy  Division  was  represented  at  327  gatherings, 
ranging  from  small  local  meetings  of  farmers  to  large  conventions, 
and  including  meetings  of  live-stock  and  cow-testing  associations, 
conferences  of  milk  producers,  dealers^  consumers,  and  health  officials, 
and  meetings  of  medical  societies,  besides  the  giving  of  lectures  at 
dairy  schools,  attendance  at  fairs  and  milk  exhibits,  and  the  trip  of  a 
special  dairy  train. 

The  farm  at  Beltsville,  Md.,  recently  acquired  by  the  bureau,  when 
fully  equipped  will  afford  facilities  that  have  long  been  needed  by 
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the  Dairy  Division  for  carrying  out  more  satisfactorily  investiga- 
tions already  under  way  and  for  investigating  other  problems  that 
should  be  studied  under  actual  farm  conditions.  The  various  workers 
of  the  division  will  thus  be  kept  in  closer  touch  with  farm  practice, 
and  will  thereby  be  bettw  qualified  for  the  work  they  have  in  hand. 
For  lack  of  proper  facilities  much  of  the  experimental  work  has 
hitherto  been  carried  on  in  cooperation  with  State  experiment  sta- 
tions, but  it  is  expected  that  such  cooperative  work  will  not  be  found 
necessary  or  advisable  to  the  same  extent  in  the  future. 

With  educational  work  the  case  is  entirely  diflferent.  It  would 
seem  that  the  ideal  system  of  conducting  such  work  in  dairying  would 
be  to  have  it  done  by  the  States  and  not  by  the  Dairy  Division ;  but 
since  many  States  are  doing  nothing  in  this  direction,  and  others  are 
doing  but  little,  the  division  should  use  its  efforts  in  helping  the 
States  to  get  the  work  started.  Our  experience  convinces  us  that  this 
is  the  only  way  that  we  should  take  up  educational  work,  and  this  ia 
the  idea  with  which  all  such  work  now  being  done  by  the  division  has 
been  undertaken  and  is  being  carried  on. 

DAIRY  FARMING  INVESTIGATIONS. 

The  work  relating  to  dairy  farming  investigations  is  in 'charge  of 
Mr.  Helmer  Rabild. 

HERD  BEGORDS. 

The  low  average  production  of  the  dairy  cows  of  the  United  States 
is  a  condition  that  does  more  than  any  other  one  thing  to  prevent 
development.  The  dairyman  whose  herd  is  averaging  400  pounds  of 
butterfat  is  not  the  man  who  opposes  the  tuberculin  test  or  who  has 
unimproved  equipment  and  filthy  surroundings.  On  the  contrary,  he 
seeks  the  tuberculin  test,  and  seeks  information  of  all  kinds  that  will 
enable  him  to  protect  his  herd  and  his  business  and  to  conduct  his 
business  in  the  best  possible  manner.  The  man  who  is  fighting  the 
tuberculin  test,  milk  ordinances,  and  the  inspectors,  and  who  is  con- 
tinually making  the  greatest  complaints  about  unremunerative  prices, 
is  usually  the  owner  of  the  average  cow,  which  produces  not  over 
150  to  175  pounds  of  butterfat  per  annum. 

Work  that  tends  toward  the  improvement  of  the  latter  type  of 
dairyman,  therefore,  has  a  direct  effect  upon  most  of  the  vital  prob- 
lems confronting  the  dairy  industry.  At  present  he  recognizes  that 
he  derives  but  little  profit  from  his  business,  and  he  naturally  con- 
cludes that  sanitary  requirements,  the  tuberculin  test,  etc.,  are  going 
to  reduce  his  profits  further,  which  his  business  can  not  stand.  But 
when  the  productiveness  of  his  cows  has  been  improved  and  they 
have  become  profitable,  be  is  naturally  inclined,  for  the  sake  of  his 
own  business  interests,  to  houge  and  care  for  them  better  and  to  pro-, 
tect  (ihem  from  tuberculosis  and  other  diseases.    In  so  doing  he  com- 
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plies  with  a  large  part  of  the  health  requirements.  With  herd  records 
kept  but  one  day  in  a  month  the  best  cows  can  soon  be  identified ;  and 
if  a  purebred  bull  of  good  quality  is  used,  only  a  few  years  are 
required  to  develop  a  productive  herd  and  bring  about  the  conditions 
just  indicated. 

The  main  object,  therefore,  of  the  field  work  that  is  now  in  progress 
in  the  South  and  West,  and  of  the  cow-testing  association  work  in 
the  North,  is  to  establish  the  use  of  the  herd  record  and  the  purebred 
sire.  In  order  to  further  this  work  in  every  possible  way  all  reliable 
records  from  these  various  sources  are  collected  in  Washington,  com- 
piled, and  interpreted,  so  that  the  results  may  be  of  most  use  in 
educating  the  dairyman. 

SOUTHERN  FIELD  WORK. 

The  southern  field  work  for  the  development  and  improvement  of 
the  dairy  industry,  which  has  been  continued  along  the  same  general 
lines  as  reported  in  previous  years,  is  now  in  progress  in  nine  States, 
namely:  Alabama,  Georgia,  Maryland,  Mississippi,  North  Carolina, 
South  Carolina,  Tennessee,  Texas,  and  Virginia.  Usually  but  one 
man  works  in  a  State  and  he  devotes  his  time  largely  to  individual 
dairymen  located  in  different  sections,  the  object  being  to  assist  one 
dairyman  in  a  locality  to  operate  his  dairy  in  a  thoroughly  profitable 
manner,  thereby  providing  an  object  lesson  for  the  benefit  of  the 
locality.  On  the  whole  this  work  has  been  very  successful.  It  has 
not  only  done  much  in  the  way  of  demonstrating  the  possibilities  of 
dairying  in  the  South,  but  it  has  also  demonstrated  a  most  practi- 
cable system  of  developing  the  dairy  industry  to  take  advantage  of 
those  possibilities. 

In  all  the  States  this  work  has  received  increased  attention  from 
the  State  institutions,  and  it  is  fully  expected  that  in  time  these  insti- 
tutions will  take  over  the  work  entirely.  North  Carolina  is  provid- 
ing funds  rather  liberally  for  the  maintenance  of  the  work,  and  it  is 
probable  that  the  department's  assistance  will  cease  to  be  necessary 
in  that  State  and  perhaps  in  other  States  during  the  coming  year. 
It  is  the  purpose  to  withdraw  such  assistance  just  as  rapidly  as  possi- 
ble and  transfer  it  to  other  States  in  the  South  and  West. 

The  following  are  some  of  the  particular  lines  of  work  in  progress : 
Herd  improvement  and  economical  feeding;  furnishing  plans  for 
dairy  barns,  silos,  dairy  houses,  etc.,  and  giving  advice  in  their  erec- 
tion; assisting  in  the  organization  of  dairy  and  live-stock  associa- 
tions; improving  city  milk  supplies;  assisting  in  short  courses  of 
dairy  instruction  and  in  meetings  and  fairs;  oversight  of  creamery 
organization. 

During  the  year  records  of  57  herds  containing  964  cows  were  kept 
by  dairymen  in  the  South  under  the  supervision  of  the  Dairy  Divi- 
sion, and  in  addition  a  number  of  dairymen — in  one  State  as  many 
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as  35 — ^have  been  conducting  herd  records  without  the  assistance  of 
the  field  men.  One  man  keeping  records  under  the  instruction  of  the 
field  agent  reduced  the  cost  of  milk  production  from  $1.34  to  69  cents 
per  100  pounds,  a  saving  of  nearly  one-half. 

The  use  of  the  purebred  bull  comes  as  an  immediate  result  of  the 
herd  records,  and  field  workers  during  the  past  year  have  been  able  to 
induce  about  20  dairymen  to  buy  purebred  bulls.  They  have  also 
assisted  farmers  in  the  purchase  of  good  dairy  stock  to  replace  the 
unprofitable  cows  of  their  herds. 

Fifty  silos  have  been  built  in  the  Southern  States  during  the  past 
year  as  a  result  of  the  work  of  the  Dairy  Division.  On  account  of 
the  permanency  of  concrete  construction  that  type  of  silo  is  now 
being  built  whenever  possible.  Reports  on  20  concrete  silos  built 
during  the  past  two  years  show  that  the  average  cost  per  ton  capacity 
was  $2.35,  while  the  average  cost  of  57  stave  silos  was  $1.50  per  ton 
capacity.  One  dairyman  reports  that  in  two  seasons  his  silo  has 
saved  him  at  least  $2,000  above  its  cost.  A  circular  giving  directions 
for  building  concrete  silos  has  been  prepared  for  publication. 

Twenty-nine  new  bams  and  10  new  dairy  houses  were  built  during 
the  past  year,  and  12  old  barns  were  remodeled. 

Assistance  has  been  given  in  improving  the  milk  supplies  of  20 
cities,  the  score-card  system  of  inspection  being  used. 

Assistance  has  been  given  in  organizing  creameries  in  North  Caro- 
lina, Tennessee,  and  Mississippi.  Creamery  promoters  are  constantly 
making  an  eflfort  to  sell  creamery  plants  throughout  this  section. 
There  are  but  f^w  localities  where  dairying  is  sufficiently  developed 
to  make  it  possible  to  operate  a  creamery  with  success,  hence  the 
Dairy  Division  tries  to  discourage  such  enterprises  where  local  con- 
ditions are  such  that  they  can  not  succeed.  Wherever  the  conditions 
are  reasonably  favorable  all  possible  assistance  is  given  in  organizing 
creameries  and  getting  the  work  properly  started. 

Assistance  was  given  by  the  field  men  at  13  fairs.  At  each  of  these 
a  butter  contest  was  held.  A  small  exhibit  of  plans  of  dairy  build- 
ings was  made,  and  publications  on  various  dairy  subjects  were  dis- 
tributed. At  a  number  of  the  fairs  working  dairies  were  conducted 
by  the  field  men.  A  12  months'  butter  contest  was  conducted  in 
North  Carolina.  Thirty  dairymen  entered,  and  19  remained  to  the 
close.  A  milk,  cream,  and  butter  contest  was  conducted  with  great 
success  in  connection  with  the  South  Carolina  Dairy  and  Live  Stock 
Association.  One  hundred  and  six  agricultural  meetings  were  at- 
tended by  the  field  workers,  and  seven  short  courses  of  dairy  instruc- 
tion of  from  three  to  six  days  were  given. 

During  the  year  three  new  dairy  and  live-stock  associations  were 
organized,  and  meetings  were  held  with  the  six  associations  organized 
the  jSrevious  year. 
BeOS'*— 11 4 
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WESTEEN  FIELD  WOBK. 

During  the  last  few  months  of  the  fiscal  year  work  similar  to  that 
being  done  in  the  South  was  begun  in  Colorado  and  Idaho.  The 
Western  States  offer  splendid  opportunities  for  dairy  development, 
and  it  is  desirable  to  increase  the  work  in  that  section  just  as  rapidly 
as  funds  will  permit.  The  number  of  small  farmers  in  that  section 
is  rapidly  increasing,  and  raising  beef  cattle  on  such  farms  is  often 
unprofitable;  many  of  the  farmers  therefore  very  readily  take  up 
dairying. 

WORK  WITH  CREAMEBT  PATB0N8. 

Extensive  as  have  been  the  investigations  relating  to  butter  manu- 
facturing, the  general  quality  of  butter  seems  to  continue  to  become 
lower.  The  competition  in  cream  buying  is  often  very  strong,  so  that 
if  one  buyer  refuses  to  take  cream  because  it  is  in  bad  condition  an- 
other buyer  stands  ready  to  take  it  in  spite  of  its  condition.  Thus 
the  quality  of  cream  sold  to  creameries  has  been  getting  poorer  and 
poorer.  Investigations  in  the  creamery  alone  are  ineffective  in  over- 
coming this  difficulty,  and  the  work  must  be  carried  to  the  farmer. 
One  experiment  has  been  begun  among  the  patrons  of  a  creamery  in 
Iowa  whereby  each  patron's  cream  will  be  graded  for  quality,  and 
those  that  are  making  good  cream  will  be  shown  that  they  are  receiv- 
ing from  1  to  3  cents  a  pound  less  because  it  is  mixed  with  the  poor 
cream  from  the  other  patrons,  while  those  who  are  producing  poor 
cream  will  be  offered  assistance  in  improving  the  quality,  and  finally 
an  effort  will  be  made  to  have  the  cream  paid  for  by  grade.  It  is 
believed  that  the  increased  value  of  the  better  product  will  more  than 
cover  the  cost  of  the  improvement. 

COW-TESTING  ASSOCIATIONS. 

The  purpose  of  cow-testing  associations  has  been  explained  in  pre- 
vious reports,  and  this  work  has  been  made  the  subject  of  a  paper  in 
the  Twenty-sixth  Annual  Report  of  the  bureau.  Two  men  are  now 
employed  in  giving  assistance  to  State  officials  in  organizing  and  con- 
ducting cow-testing  associations.  No  assistance  is  given  by  the  Dairy 
Division  unless  some  State  or  local  institution  takes  immediate 
control.  During  the  past  year  28  new  associations  have  been  organ- 
ized, making  a  total  of  55  in  the  United  States  at  the  present  time. 
These  associations  are  located  as  follows:  Wisconsin,  12;  Vermont, 
9;  Maine,  6;  Michigan,  6;  Iowa,  5;  California,  3;  Ohio,  3;  Penn- 
sylvania, 2;  Colorado,  Connecticut,  Illinois,  Maryland,  Nebraska, 
New  Hampshire,  New  York,  Oregon,  and  Washington,  1  each. 

A  number  of  dairymen,  after  the  first  year's  test  has  been  com- 
pleted, think  that  they  have  gained  all  the  benefits  to  be  derived  from 
cow  testing  and  do  not  wish  to  continue  the  work.     It  is  then  neces- 
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sary  to  convince  them  that  by  continued  testing  the  production  of  the 
herd  may  be  further  increased.  An  example  of  the  advantages  de- 
rived from  continued  testing  is  shown  by  the  records  of  the  Newaygo 
County  Dairy  Testing  Association  in  Michigan,  which  has  completed 
four  years'  work.  The  following  table  gives  the  yearly  average  per 
cow  of  9  herds  which  have  been  in  that  association  since  the  be- 
ginning: 

Results  of  continued  testing  in  a  Michigan  cow-testing  association. 


Year. 

Number 
of  cows. 

Milk 
produoed. 

Butter- 
fat 
produoed. 

Value  of 
butter- 
fat. 

Cost  of 
feed. 

Profit. 

Returns 
for  SI  ex- 
pended 
bifeed. 

1906 

70 
85 
86 

Pounds. 
5,802 
5,987 
6,011 
6,426 

Pownds. 
232.7 
241.4 
258.2 
277.6 

154.66 
71.02 
70.70 
86.52 

133.23 
39.29 
40.61 
43.70 

121.43 
31.73 
3a09 
42.82 

$1.64 

1W7 

1.81 

1908 

1.74 

1909 

89 

1.98 

This  table  shows  an  increase  in  the  average  production  per  cow, 
while  the  average  profit  has  been  practically  doubled. 

SILO  AND    VENTILATION    EXPERIMENTS. 

An  experiment  to  determine  the  strength  that  a  building  must  pos- 
sess in  order  to  withstand  pressure  of  silage  was  reported  last  year. 
It  is.  now  in  progress  for  the  second  year.  This  year's  work  may  give 
sufficient  data  to  warrant  conclusions ;  if  not,  it  wUl  be  necessary  to 
continue  the  experiment  for  another  year. 

Aji  experiment  in  stable  ventilation  was  reported  last  year  as  hav- 
ing been  in  progress  for  two  years,  and  the  work  is  not  yet  complete. 
This  experiment  was  not  continued  during  the  past  winter  owing  to 
the  lack  of  proper  facilities,  but  will  be  resumed  on  the  newly  ac- 
quired farm  of  the  bureau  as  soon  as  sufficient  equipment  is  available. 

DAIRY   MANUFACTURING   INVESTIGATIONS. 

Mr.  B.  D.  White  is  in  charge  of  the  section  dealing  with  dairy 
manufacturing  investigations. 

MABKET  INSPECTION   OF   BUTTER. 

Market  inspection  of  butter  has  been  conducted  at  the  New  York, 
Chicago,  and  San  Francisco  markets.  This  inspection  is  made  at  the 
request  of  the  dealer  or  the  producer,  and  the  defects  of  the  butter 
are  pointed  out  and  suggestions  given  for  overcoming  them.  During 
the  fiscal  year  there  were  3,058  inspections  made,  of  which  1,500  were 
made  in  New  York,  1,478  in  Chicago,  and  80  in  San  Francisco.     Be- 
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sides  inspections  for  quality,  the  inspectors  have  made  tests  for  salt 
and  moisture,  and  have  weighed  shipments  of  butter  to  determine 
the  shrinkage  between  the  creamery  and  the  market.  In  replies  from 
252  creameries  to  an  inquiry  from  the  bureau,  184  stated  that  the 
work  had  proved  beneficial,  50  had  no  opinion,  and  9  knew  of  no  bene- 
ficial results.  The  dealers  in  butter  also  expressed  much  appreciation 
of  the  inspectors'  work. 

CREAMERY  INVESTIGATIONS. 

During  the  year  157  new  creameries  have  been  reported.  Plans  for 
organization,  articles  of  incorporation  and  by-laws,  lists  of  machin- 
ery, and  plans  for  creamery  buildings  have  been  furnished  to  these 
new  creameries  by  the  Dairy  Division  when  they  could  be  used  to 
advantage.  Besides  assisting  in  the  organization  of  creameries  imder 
favorable  conditions,  the  establishment  of  creameries  has  been  dis- 
couraged in  localities  where  there  was  an  insufficient  number  of  cows 
to  keep  a  creamery  running  successfully. 

Investigations  and  advice  in  the  management  of  creameries  have 
been  continued  during  the  past  year  very  much  as  heretofore.  Five 
men  have  been  giving  the  greater  part  of  their  time  to  this  work. 
They  have  been  cooperating  with  State  departments  and  dairy  schools 
in  teaching  creamery  operators  better  methods.  Much  money  is  lost 
to  creameries  annually  by  the  lack  of  proper  business  methods.  The 
large  creamery  usually  checks  up  every  operation;  the  small  creamery 
usually  checks  up  none.  It  has  been  estimated  that  the  loss  from 
bad  management  in  three  of  the  leading  butter  manufacturing  States 
has  been  reduced  more  than  $400,000  annually  within  the  past  three 
years,  but  that  those  same  States  still  sustain  a  loss  from  this  source 
of  more  than  $1,200,000  every  year.  This  statement  shows  the  benefit 
as  well  as  the  need  of  work  such  as  the  Dairy  Division  is  doing. 

Many  creameries  have  no  method  of  disposing  of  their  sewage. 
Plans  for  septic  tanks  were  sent  to  39  creameries  during  the  year. 
Some  further  study  of  this  subject  is  necessary,  however,  to  perfect 
the  septic  tank  for  creamery  purposes,  owing  to  the  amount  of  grease 
contained  in  the  sewage. 

Nearly  every  creamery  has  some  patrons  who  take  pride  in  furnish- 
ing clean,  sweet  cream,  from  which  the  highest  grade  of  butter  can  be 
made.  At  the  same  time  there  are  usually  many  patrons  who  have 
no  special  interest  or  pride  in  the  quality  of  cream  they  send  to  the 
creamery  so  long  as  it  is  accepted ;  and  the  result  is  that  much  of  the 
cream  brought  in  is  sour,  tainted,  or  dirty,  and  unfit  for  making 
butter  of  fine  quality.  There  are  some  patrons  who  are  absolutely 
filthy  in  their  practices  in  handling  their  product,  and  their  cream  is 
often  utterly  unfit  for  use  in  making  a  food  product.  The  present 
system  of  paying  one  price  for  all  cream  is  therefore  unfair  and 
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should  be  abandoned.  A  few  creameries  have  adopted  a  system 
whereby  two  grades  are  maintained.  The  first-grade  cream  must  be 
clean,  sweet,  and  fresh,  and  a  premium  of  from  1  to  3  cents  a  pound 
of  butterfat  is  paid  for  it.  This  cream  is  churned  separately,  and 
the  butter  from  it  sells  at  from  1  to  4  cents  a  pound  premium.  The 
second-^ade  cream  is  sour,  but  must  be  clean ;  and  for  it  the  quota- 
tion price  is  paid.  Under  this  system  any  cream  below  second  grade 
is  refused.  By  means  of  grading  those  patrons  who  are  interested 
enough  to  produce  clean,  sweet  cream  get  a  premium  which  is  worth 
the  effort,  while  the  creamery  gets  a  premium  which  makes  the 
method  profitable  to  it  also.  Wherever  grading  has  been  adopted  it 
has  resulted  in  better  prices  to  patrons  and  better  product  from  the 
creamery. 

There  is  a  promising  field  for  development  in  the  manufacture  of 
by-products  by  creameries  or  engaging  in  incidental  enterprises  that 
may  well  be  carried  on  in  connection  with  the  regular  work  and  that 
will  avoid  waste  and  enhance  the  profits;  for  example,  manufac- 
turing ice  cream,  casein,  or  some  varieties  of  cheese;  feeding  hogs, 
selling  sweet  cream,  handling  eggs,  manufacturing  ice  and  condensed 
milk,  and  furnishing  cold-storage  space.  Some  creameries  are 
already  doing  these  things,  but  most  of  them  are  not,  and  little  has 
been  done  to  introduce  and  develop  such  lines  of  work  A  tremen- 
dous amount  of  nutritious  food  is  now  wasted  or  unprofitably  used 
by  the  creameries.  The  Dairy  Division  is  now  giving  some  attention 
to  this  subject  of  by-products  and  side  lines  and  hopes  to  be  able  to 
assist  the  creameries  in  taking  up  such  enterprises. 

INSPECTION   OF  BUTTER  FOB  TUE   NAVY. 

The  Dairy  Division  inspected  during  the  fiscal  year  768,177  pounds 
of  butter  packed  on  contract  for  the  United  States  Navy.  This 
butter  was  packed  between  April  and  August,  1909,  and  placed  in 
storage.  It  was  inspected  as  packed,  and  a  sample  from  each  churn- 
ing was  held  imtil  February  or  March,  1910,  and  then  examined  as 
to  its  condition  and  keeping  qualities.  In  general  this  butter  was 
found  very  good.  It  was  better  after  eight  months  of  storage  than 
perhaps  three-fourths  of  the  entire  amount  of  butter  arriving  on  the 
general  market.  Many  samples  were  found  to  be  as  good  as  when 
packed.  Some  valuable  information  was  gained  in  regard  to  manu- 
facturing and  packing  methods,  and  it  was  found  that  butter  made 
according  to  methods  recommended  by  the  Dairy  Division  did  not 
develop  the  fishy  flavor  which  often  injures  the  quality  of  stored 
butter.  It  is  estimated  that  this  inspection  caused  a  saving  to  the 
Navy  Department  of  over  $50,000  in  the  expense  for  butter,  and  that 
department  has  requested  that  the  Dairy  Division  continue  to  oversee 
the  packing  of  the  butter  for  the  Navy. 


Digitized  by  LjOOQ IC 


54 


27th  report,  bureau  op  animal  industry. 


MARKET  MILK  INV^ESTIGATIONS. 

The  work  of  the  section  of  market  milk  investigations,  of  which 
Mr.  George  M.  Whitaker  is  in  charge,  deals  mainly  with  the  im- 
provement of  milk  supplies,  and  is  done  very  largely  in  coopera- 
tion with  public  health  officials.  In  connection  with  this  work  during 
the  past  fiscal  year  over  150  visits  were  paid  to  various  towns  and 
cities  to  consult  with  and  assist  citizens  and  officials  for  the  advance- 
ment of  market  milk  conditions,  and  agents  of  the  Dairy  Division 
inspected  332  dairies  and  milk  plants,  judged  in  9  milk  contests, 
assisted  in  6  dairy  exhibitions,  and  attended  and  addressed  83  public 
meetings. 

The  score-card  system  of  inspection,  under  which  dairy  farms  and 
milk  depots  are  inspected  and  rated  for  specific  items  on  a  scale  of 
100  points,  is  largely  used  in  this  work.  One  hundred  and  seventeen 
municipalities  are  using  the  score  card  in  official  inspections,  in  14 
States  it  has  been  adopted  to  a  varying  extent,  11  milk  dealers  use  it 
in  inspecting  the  dairies  from  which  their  supply  is  obtained,  and  18 
agricultural  colleges  use  it  in  the  class  room.  The  system  is  in  use  in 
8  of  the  15  largest  cities  in  the  country. 

The  improvement  brought  about  in  the  wholesomeness  of  the  milk 
supply  by  means  of  this  work  is  well  illustrated  by  the  following 
table,  showing  results  in  six  cities  selected  from  different  sections  of 
the  coimtry  and  representing  places  of  a  wide  range  of  population,  as 
reported  by  the  local  officials  who  made  the  scores : 

Improvement  in  milk  supplies  of  six  cities  as  shown  by  score  cards. 


Cities. 


Los  Angeles,  Cal. 
aiens  Falls,  N.  Y 
Concord,  N.H... 
Hudspn.N.Y.... 

Clinton,  Iowa 

Portland,  Oreg... 


Avorac© 

score  in 

1909. 


Aver^;e 

score  in 

1910. 


Average 
points 
gained. 


Percent- 
age of 
gain. 


15 
27 
15 
25 
20 
28 


This  is  an  average  gain  of  22  per  cent  for  the  places  named.  The 
gain  is  always  most  rapid  and  most  noticeable  when  the  work  is  new, 
as  in  the  above  places,  and  when  very  poor  conditions  are  being  im- 
proved, though  further  improvement  follows  the  continued  use  of 
the  system. 

The  Dairy  Division  encourages  efforts  to  improve  the  milk  supply, 
even  though  the  score-card  method  is  not  adopted.  During  the  year 
assistance  was  given  to  101  municipalities  under  these  circumstances. 

A  month  was  spent  by  one  man  in  an  investigation  of  the  farms 
which  produce  milk  for  Chicago.    Dairies  in  all  parts  of  the  Chicago 
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territory  were  inspected,  and  it  was  found  that  46.7  per  cent  of  those 
inspected  were  rated  below  40,  43  per  cent  between  40  and  50,  and 
only  10.3  per  cent  above  50.  It  is  considered  that  any  dairy  scored 
below  50  should  not  be  allowed  to  place  milk  on  the  market ;  hence 
it  will  be  seen  that  there  is  much  room  for  improvement  in  the  Chi- 
cago territory.  Fortunately,  however,  there  is  abundant  evidence  of 
improvement  taking  place,  showing  that  the  health  department  has 
started  a  movement  which  will  eventually  do  much  to  raise  the  quality 
of  the  Chicago  milk  supply. 

At  the  request  of  the  Bureau  of  Chemistry  in  connection  with  its 
work  of  administering  the  food  and  drugs  act,  the  Dairy  Division 
has  inspected  and  scored  dairies  producing  milk  for  interstate  ship- 
ment and  whose  product  did  not  conform  to  the  law. 

A  draft  of  a  milk  law  recomjnended  as  applicable  to  most  regions 
has  been  sent  on  request  to  many  persons  interested  in  procuring 
such  legislation. 

A  paper  on  "  The  care  of  milk  in  the  home  "  was  prepared  during 
the  fiscal  year  and  has  been  published  in  a  Farmers'  Bulletin. 

The  Dairy  Division  has  also  assisted  the  movement  for  better  milk 
by  lending  for  various  exhibitions  large  photographs  showing  good 
and  bad  dairy  conditions. 

RESEARCH  LABORATORIES. 

The  research  laboratories,  in  charge  of  Mr.  L.  A.  Rogers,  are  de- 
voted to  experimental  work,  largely  of  a  bacteriological  and  chem- 
ical character,  with  special  reference  to  the  study  of  processes  em- 
ployed and  problems  arising  in  the  manufacture  of  dairy  products. 
Besides  the  main  laboratory  in  Washington  there  is  a  branch  labora- 
tory at  Albert  Lea,  Minn.,  devoted  to  butter  and  Swiss  cheese  investi- 
gations. In  addition,  cooperative  investigations  with  State  experi- 
ment stations  are  being  carried  on  at  Storrs,  Conn. ;  Madison,  Wis. ; 
and  Columbia,  Mo. 

BUTTER  INTESTIOATIONS. 

Various  problems  relating  to  butter  are  being  studied.  More  recent 
work  has  confirmed  the  results  of  earlier  experiments  in  showing  the 
superiority  of  butter  made  from  sweet  cream  for  storing  purposes, 
and  particularly  when  stored  at  a  comparatively  high  temperature. 
In  continuing  this  work,  butter  for  storage  is  being  made  in  three 
ways — from  pasteurized  sweet  cream,  from  pasteurized  ripened 
cream,  and  from  ripened  raw  cream.  Portions  of  each  lot  are  stored 
at  zero,  10°  F.,  and  20°  F.  The  butter  is  scored  when  put  in  storage 
and  again  when  taken  out  six  months  later. 

Experiments  have  been  made  to  determine  the  proper  temperature 
for  pasteurizing  cream  for  butter  making.    Various  temperatures 
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from  140*^  to  200°  F.  were  used.  Results  show  that  an  efficient  tem- 
perature from  a  bacteriological  standpoint  varies  with  the  condition 
of  the  cream,  but  that  160°  F.  seems  to  give  the  best  results.  The 
scores  of  butter  made  from  cream  pasteurized  at  from  160°  to  180°  F. 
seem  comparatively  uniform,  but  are  variable  below  that  range,  and' 
the  butter  has  a  scorched  flavor  above  it 

The  relative  cost  of  making  butter  from  pasteurized  and  unpas- 
teurized cream  is  being  investigated.  For  a  period  of  one  week 
all  the  cream  is  pasteurized  before  it  is  churned.  The  next  week  it 
is  churned  raw.  For  19  periods  this  work  has  been  in  progress,  and 
it  will  be  continued. 

Much  of  the  cream  used  in  some  creameries  is  very  sour  when  it 
reaches  the  creamery,  and  in  order  to  get  rid  of  the  excess  of  acid  it 
is  neutralized  with  lime.  The  detection  of  such  butter  is  desirable, 
but  no  reliable  method  has  heretofore  been  available,  and  experiments 
are  being  conducted  by  the  Dairy  Division  with  a  view  to  arriving 
at  such  a  method.  The  experiments  so  far  show  that  such  butter 
contains  an  excess  of  calcium,  although  butter  in  which  a  large 
amount  of  inferior  salt  is  used  shows  a  similar  excess  of  calcium. 
However,  the  magnesium  content  of  butter  is  increased  by  the  use  of 
lime,  and  not  by  the  use  of  salt.  It  is  hoped,  therefore,  to  establish 
a  ratio  of  magiiesium  to  calcium  for  normal  butter,  and  thereby  make 
possible  the  identification  of  butter  from  neutralized  cream. 

A  common  defect  in  butter  is  a  peculiar  flavor  known  to  butter 
judges  as  "  metallic  flavor,"  which  is  supposed  to  be  the  product  of 
such  metals  as  iron  and  copper.  Investigations  regarding  this  matter 
are  now  under  way. 

An  experiment  is  being  made  whereby  it  is  sought  to  volatilize  and 
condense  a  sufficient  quantity  of  the  flavoring  matter  in  butter  so  that 
it  may  be  identified.  If  this  can  be  done  it  will  help  to  determine 
the  changes  that  take  place  in  butter  and  the  factors  causing  them. 
Most  of  this  work  so  far  has  been  on  apparatus  and  methods. 

A  large  number  of  cultures  of  lactic-acid- forming  bacteria  have 
been  collected  from  various  sources,  and  a  study  has  been  made  of 
their  cultural  characteristics  and  their  ability  to  ferment  different 
compounds.  It  was  found  that  while  no  distinct  differentiation  could 
be  obtained  by  means  of  ordinary  cultural  characteristics,  the  fermen- 
tation of  various  test  substances  could  be  so  coordinated  that  the 
group  could  be  separated  into  several  distinct  varieties.  While  the 
work  will  be  continued,  a  part  of  it  is  now  ready  for  publication. 

A  very  large  amount  of  the  farm  butter  now  made  is  very  inferior 
and  sells  for  a  greatly  reduced  price.  Studies  are  being  made  by 
which  it  is  sought  to  determine  the  causes  of  the  serious  defects  in 
farm  butter.  The  work  done  so  far  has  been  largely  of  a  preliminary 
character.    Samples  of  butter  made  in  various  sections  of  the  country 
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have  been  examined,  and  the  methods  used  on  a  few  of  the  best  farms 
in  Vermont  are  now  being  studied. 

In  maintaining  an  efficient  inspection  of  the  renovated  butter  fac- 
tories and  their  products,  more  information  relative  to  renovated 
butter,  the  packing  stock  used  in  making  it,  etc.,  is  badly  needed.  A 
laboratory  is  therefore  being  equipped  in  which  a  miniature  renovat- 
ing plant  will  be  installed  and  the  various  problems  taken  up.  Only 
preliminary  work  has  been  done  so  far. 

Neutral  lard  is  doubtless  used  to  adulterate  butter,  particularly 
renovated  butter.  So  far  no  reliable  method  is  available  for  determin- 
ing its  presence  in  butter  unless  it  is  there  in  large  quantities.  A 
study  of  this  problem  is  now  under  way,  but  the  work  has  not  pro- 
gressed far  enough  to  warrant  positive  conclusions. 

MILK  INVESTIGATIONS. 

An  extensive  study  has  been  made  of  the  bacteriology  of  commer- 
cially pasteurized  and  raw  market  milk,  the  milk  used  being  pur- 
chased in  Washington,  New  York,  and  Boston.  All  of  the  commer- 
cially pasteurized  milk  soured  normally,  due  in  part  at  least  to  the 
wide  distribution  of  a  strain  of  lactic-acid  bacteria  possessing  excep- 
tional resistance  to  heat.  All  changes  due  to  bacteria  are  delayed 
in  pasteurized  milk  for  a  period  depending  on  the  original  bac- 
terial content  of  the  milk,  the  efficiency  of  the  pasteurization,  and  the 
handling  of  the  milk  after  pasteurization.  There  was  observed  no 
development  of  bacteria  in  the  pasteurized  milk  that  could  be  said 
to  make  it  more  unsafe  than  raw  milk  kept  under  similar  conditions. 
This  work  has  been  completed,  and  a  fuU  report  of  it  is  now  in  the 
hands  of  the  printer. 

An  exhaustive  investigation  is  now  under  way  for  the  purpose  of 
determining  the  number  and  variety  of  bacteria  that  survive  pastem*- 
ization  under  controlled  conditions. 

The  alkali-forming  bacteria  which  cause  the  decomposition  of 
milk  play  a  very  important  part  in  market  milk,  and  particularly  in 
clean  raw  milk  and  pasteurized  milk.  Dirty  milk  sours  quickly, 
and  hence  is  discarded  by  the  ordinary  consumer  before  the  alkali 
formers  have  had  time  to  develop  and  decompose  it,  but  such  is 
often  not  the  case  with  clean  milk.  A  knowledge  of  the  thermal 
death  point  of  this  class  of  bacteria  is  therefore  very  important,  and 
a  study  of  this  subject  is  being  made. 

For  several  years  the  Dairy  Division  has  been  cooperating  with  the 
Missouri  Experiment  Station  in  conducting  experiments  pertaining 
to  milk  secretion.  The  main  problem  under  investigation  is  the 
effect  of  feed  on  the  composition  and  properties  of  milk.  Before 
it  was  possible  to  study  this  problem,  however,  it  was  necessary  to 
investigate  many  minor  problems  that  had  an  important  bearing  or 
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the  main  problem,  such  as,  for  example,  the  normal  variation  in  milk 
from  milking  to  milking,  the  variation  occurring  during  the  advance 
of  the  lactation  period,  the  variation  due  to  the  cows  gaining  or 
losing  in  body  weight,  the  variation  due  to  different  breeds,  etc. 
Some  of  these  experiments  have  been  completed  and  the  results  pub- 
lished; others  are  almost  completed.  The  work  in  progress  or 
recently  completed  is  as  follows  : 

1.  The  effect  upon  the  milk  of  gaining  or  losing  body  weight.  The 
cows  are  fed  so  that  they  will  gain  or  lose  in  weight,  and  the  com- 
position of  the  milk  is  studied. 

2.  The  effect  of  cotton  seed,  cottonseed  meal,  and  cottonseed  hulls 
on  the  composition  and  properties  of  the  milk.  This  investigation 
is  not  complete,  but  so  far  there  is  less  effect  from  such  feeds  than  is 
usually  attributed  to  them. 

3.  The  changes  in  milk  from  milking  to  milking.  Comparisons 
are  made  between  earlier  and  later  portions  of  the  same  milking;  also 
between  milk  drawn  twice,  three  times,  and  four  times  a  day.  The 
data  are  practically  complete. 

4.  The  composition  of  human  milk  and  changes  during  lactation 
period,  as  compared  with  cow's  milk.  The  investigations  are  com- 
pleted, but  not  ready  for  publication. 

5.  Some  progress  has  been  made  in  isolating  and  identifying  the 
coloring  matter  of  butterf at. 

6.  A  method  and  an  apparatus  have  been  devised  for  measuring 
the  hardness  of  butterfat  and  other  fats.  The  methods  previously  in 
use  were  crude.    The  new  method  promises  decided  improvement. 

CHEESE    INVESTIGATIONS. 

Swiss  CHEESE. — The  investigations  at  Albert  Lea,  Minn.,  relative 
to  various  problems  involved  in  the  manufacture  of  the  Swiss  type 
of  cheese,  have  been  continued.  Most  of  this  work  has  been  prelimi- 
nary in  character.  The  use  of  "  starters  "  has  resulted  in  some  im- 
provement of  the  texture  and  possibly  a  suppression  of  gas  formers. 
On  a  commercial  scale  conflicting  results  have  been  obtained. 

Cheddar  cheese. — Experiments  in  coating  cheese  with  paraflin  to 
improve  its  keeping  qualities  have  been  made  to  determine  the  tem- 
perature at  which  paraffin  should  be  applied,  the  length  of  the  appli- 
cation, and  the  age  of  the  cheese  at  which  it  is  best  to  apply  the 
paraffin.  The  best  results  were  secured  with  paraffin  at  a  temperature 
of  240°  F.  when  the  cheese  was  3  days  old. 

Some  preliminary  work  has  been  done  on  the  feasibility  of  canning 
cheese  of  the  Cheddar  type  directly  from  the  press.  Cheese  put  up 
in  this  way  ripens  normally,  but  has  a  softer  texture  than  ordinary 
cheese.  This  work  will  be  continued  by  comparing  canned  cheese 
with  cheese  made  from  the  same  vat  and  ripened  in  the  ordinary  way. 
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A  study  is  being  made  at  Madison,  Wis.,  in  cooperation  with  the 
Wisconsin  Experiment  Station,  of  such  problems  as  the  influence  of 
various  factors,  such  as  acidity  of  milk,  proportfbn  of  rennet  used, 
size  of  curd  cubes,  time,  temperature,  pressure,  etc.,  on  the  moisture 
content  of  cheese.  The  results  thus  far  obtained  have  been  published 
in  Bulletin  122. 

As  a  result  of  the  investigations  in  making  cheese  from  pasteurized 
milk  the  method  has  been  so  perfected  that  it  is  possible  to  bring 
factory  milk  into  practically  uniform  condition  every  day,  so  that  a 
definite  routine  method  of  manufacture  may  be  followed  throughout 
the  year.  From  February  to  July  between  150  and  300  pounds  of 
cheese  were  made  daily  by  this  process.  The  cheese  has  been  very 
uniform  in  quality,  has  had  a  clean,  mild  flavor,  free  from  taints,  and 
an  almost  perfect  texture.  This  cheese  has  been  sold  at  the  highest 
market  price.  On  account  of  its  good  texture  and  the  tendency  to 
hold  its  shape,  a  large  part  of  this  cheese  has  been  shipped  to  the 
Southern  States,  and  the  reports  indicate  that  it  is  superior  for  this 
purpose  to  the  ordinary  cheese. 

An  extended  study  has  been  made  of  the  volatile  fatty  acids  and 
esters  formed  in  the  ripening  of  normal  cheese  and  in  cheese  made 
from  pasteurized  milk  and  their  relation  to  the  development  of 
flavor.  These  products  have  been  found  absent  in  cheese  treated  with 
chloroform,  indicating  that  their  origin  is  due  to  a  biological  factor 
or  enzymatic  agent  produced  by  lactic-acid  organisms. 

Soft  cheese. — Several  European  varieties  of  soft  cheese  are  of 
great  commercial  importance  in  the  United  States,  and  for  a  number 
of  years  the  Dairy  Division  has  been  investigating  them  in  coopera- 
tion with  the  Storrs  (Conn.)  Agricultural  Experiment  Station  with 
a  view  to  their  production  in  this  country. 

Most  of  the  problems  connected  with  the  production  of  the  Camem- 
bert  type  of  cheese  in  the  United  States  have  been  fully  covered,  and 
the  results  obtained  have  been  published  in  several  bulletins  of  this 
bureau.  During  the  early  part  of  the  year  the  enzym  experiments 
were  continued,  particular  attention  being  given  to  the  enzym  that 
was  found  to  be  directly  concerned  in  the  ripening  of  this  cheese. 
It  is  necessary  to  resume  some  portions  of  this  work  at  a  later  time. 
It  is  also  contemplated  to  continue  experiments  in  order  to  study 
three  points  not  fully  covered  in  previous  reports,  namely,  the  effect 
of  relative  humidity  of  the  air  in  the  ripening  room  upon  the  water 
content  in  cheese  containing  various  initial  percentages  of  water,  the 
effects  of  increasing  the  percentage  of  salt  in  Camembert  cheese  as 
suggested  by  recent  studies  of  Roquefort,  and  the  desirability  of 
lowering  the  curdling  temperature  2°  to  3°,  as  has  been  found  effective 
in  Koquef  ort. 
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The  staff  at  Storrs  has  devoted  the  greater  portion  of  the  past  year 
to  the  study  of  the  Roquefort  type  of  cheese.  In  regard  to  the  prac- 
tical part  of  the  work,  two  cheeses  of  this  type  are  made  each  day,  and 
a  cheese  maker  is  fully  occupied  in  keeping  the  necessary  records  and 
in  caring  for  the  cheese  in  the  ripening  cellar.  The  ripening  period 
averages  between  three  and  four  months.  Regarding  the  chemical 
w^ork,  one  of  the  first  problems  was  to  determine  the  proportions  of 
the  various  constituents,  so  as  to  ascertain,  if  possible,  the  distin- 
guishing features  between  this  and  other  varieties  of  cheese.  The 
high  percentage  of  salt  was  found  to  be  of  great  importance.  An 
analysis  of  all  the  brands  of  imported  Roquefort  cheese  brought  out 
the  fact  that  the  salt  content  of  this  type  of  cheese  is  quite  uniformly 
about  4  per  cent.  Very  few  other  kinds  of  cheese  show  even  half  of 
this  percentage.  The  consistently  high  quality  found  in  imported 
Roquefort  cheese  made  a  special  study  of  this  point  necessary.  The 
effect  of  salt  in  cheese  was  studied  in  addition,  from  a  bacteriological 
point  of  view,  and  also  with  regard  to  the  molds.  A  preliminary  re- 
port covering  the  problems  considered  and  the  progress  made  in  this 
branch  of  the  work  is  in  course  of  preparation. 

Mycological  work. — Molds  are  of  considerable  economic  impor- 
tance not  only  in  cheese  making  but  in  many  other  branches  of  agri- 
culture. Studies.have  been  continued  upon  species  of  Aspergillus  and 
PenicilUum.  These  two  genera  include  a  large  majority  of  the  molds 
which  are  found  in  studying  dairy,  food,  and  household  problems. 
Several  experiment  stations  are  studying  the  toxic  effects  of  feeding 
moldy  grain  to  domestic  animals,  and  many  of  the  organisms  discov- 
ered in  such  work  are  sent  to  the  laboratory  at  Storrs  for  identifica- 
tion and  verification.  This  work  is  being  organized  and  continued  in 
such  manner  as  to  be  of  permanent  value. 

RENOVATED  BUTTER   INSPECTION. 

The  inspection  of  renovated  or  "process"  butter  and  of  the  fac- 
tories where  it  is  produced  is  carried  on  under  the  act  of  Congress 
of  May  9, 1902,  and  is  in  charge  of  Mr.  Robert  McAdam.  The  Dairy 
Division  is  assisted  in  this  work  by  some  of  the  members  of  the  meat- 
inspection  force  of  the  Inspection  Division,  as  it  is  found  that  the 
same  men  can  often  attend  to  both  classes  of  inspection  in  the  same 
localities.  In  this  work  the  bureau  also  cooperates  with  the  revenue 
officers  of  the  Treasury  Department,  especially  by  making  moisture 
tests  and  notifying  those  officials  when  butter  is  found  containing 
moisture  in  excess  of  the  legal  limit  of  16  per  cent. 

During  the  past  fiscal  year  42  factories  were  bonded  for  the  purpose 
of  manufacturing  renovated  butter,  although  several  of  these  did  not 
operate  throughout  the  entire  year.    These  factories  produced  during 
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the  year  46,914,494  pounds,  of  renovated  butter,  a  decrease  of  517,782 
pounds  from  the  preceding  year.  There  was  a  heavy  decrease  of  ex- 
ports of  this  butter,  the  exports  being  only  41,850  pounds,  as  com- 
pared with  1,115,288  pounds  exported  during  the  previous  year. 

DAIRY  ARCHITECTURE  AND  ENGINEERING. 

For  the  past  few  years  the  Dairy  Division  has  prepared  plans  for 
dairy  buildings  and  distributed  blue  prints  to  a  limited  extent.  This 
has  been  continued  during  the  past  year,  and  it  has  also  been  found 
desirable  to  take  up  some  of  the  engineering  and  mechanical  prob- 
lems connected  with  the  dairy  industry,  such  as  the  equipment  of 
buildings,  refrigeration,  sewerage  systems,  and  apparatus  of  various 
kinds.  Some  of  this  work  is  necessary  to  investigations  carried  on 
by  the  Dairy  Division,  aside  from  its  advantage  to  the  industry.  In 
connection  with  creameries  and  milk  production  there  is  need  for 
much  work  on  ice  houses  and  refrigerating  machinery.  Storing  ice 
is  a  practice  that  should  be  encouraged  among  dairy  farmers.  It  is 
hoped  that  the  facilities  for  work  of  this  kind  may  be  enlarged. 

THE  INSPECTION  DIVISION. 

The  work  of  the  Inspection  Division,  under  the  direction  of  Dr. 
R.  P.  Steddom,  chief,  consists  of  the  meat  inspection  and  the  control 
and  eradication  of  contagious  diseases  of  animals. 

THE  MEAT  INSPECTION. 

The  meat  inspection  was  conducted  during  the  past  fiscal  year  at 
919  establishments,  located  in  237  cities  and  towns,  as  compared  with 
876  establishments  in  240  cities  and  towns  the  previous  year.  In- 
spection was  inaugurated  at  105  establishments  and  was  withdrawn 
from  91  establishments  during  the  year,  as  compared  with  180  es- 
tablishments and  77  establishments,  respectively,  during  the  pre- 
vious year.  In  70  cases  the  cause  of  withdrawal  was  that  the  estab- 
lishments discontinued  slaughtering  or  interstate  business,  and  in 
14  cases  withdrawal  was  due  to  insanitary  conditions  or  to  failure 
or  inability  to  meet  the  department's  requirements  as  to  sanitation 
or  other  matters. 

The  following  statement  shows  the  number  of  establishments  and 
the  number  of  cities  and  towns  where  the  inspection  of  meat  and 
meat  food  products  was  conducted  by  the  bureau  in  each  fiscal  year, 
beginning  with  1891 . 
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Number  of  establishments  and  number  of  cities  and  tovms  where  meat  inspec- 
tion has   been  conducted,  fiscal  years  1891   to   1910. 


Year. 

Establish- 
ments. 

Cities  and 
towns. 

Year. 

Establish- 
ments. 

Cities  and 
towns. 

1891 

23 
37 
46 
55 
102 
128 
135 
139 
149 

6 
12 
16 
17 
19 
26 
33 
35 
42 
46 

1901 

157 
155 
156 
152 
151 
163 
708 
787 
876 
919 

52 

1892 

1902 

50 

1803 

1903 

50 

1894 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

51 

1896 

52 

1896 

58 

1897 

186 

1806 

211 

1899 

240 

1900 

237 

During  the  fiscal  year  market  inspection  was  extended  to  two  more 
cities,  making  a  total  of  39  cities  at  whose  public  markets  Federal 
meat  inspection  is  conducted  in  order  that  interstate  deliveries  may 
be  made  without  violating  the  meat-inspection  law  and  regulations. 

ANTE-MORTEM   INSPECTIONS. 

The  number  of  animals  of  each  species  inspected  before  slaughter 
is  shown  in  the  following  statement,  which,  though  showing  a  ma- 
terial increase  in  the  number  of  cattle,  calves,  sheep,  and  goats  in- 
spected, shows  so  large  a  decrease  in  the  number  of  swine  as  to  make 
the  total  ante-mortem  inspections  over  7,000,000  less  than  in  the 
previous  year: 

Ante-mortem  inspections  of  animals,  fiscal  year  1010. 


Kind  of  animals. 

Passed. 

Sus- 
pected.! 

Total. 

Cattle 

7,966,427 
2,293,216 

11,156,646 
116,035 

27,717,164 

43,120 

2,584 

8,989 

28 

14,463 

7,999,547 
2,295,800 

11,164,635 
116,063 

27,731,627 

Calves 

Sheep 

Qoats 

Swine 

Total 

49,238,488 

69,184 

49,307,672 

!  Thl8  term  Is  used  to  designate  animals  found  diseased  or  suspected  of  being  unfit  for 
food  on  ante-mortem  Inspection,  most  of  which  are  afterwards  slaughtered  under  special 
supervision,  the  final  disposition  being  determined  on  post-mortem  inspection. 

POST-MORTEM   INSPECTIONS. 

The  inspections  made  at  the  time  of  slaughter  are  shown  in  the 
following  statement,  which,  while  showing  an  increase  in  the  slaugh- 
ter of  all  classes  of  animals  except  swine,  shows  a  decrease  of  nearly 
6,500,000  animals  as  compared  with  the  preceding  year  : 
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Kind  of  animals. 

Passed  for 
food. 

Passed 
for  lard 
and  tal- 
low only. 

Con- 
demned. 

Total. 

Cattle 

7,916,601 
2,287,568 

11,138,781 
115,585 

27,532,600 

3,162 
7 
29 

42,426 

7,524 

11,127 

226 

52,439 

7,962,189 
2,295,099 

11,149,937 
115,811 

27,656,021 

Calves 

Sheep 

Goats 

Swine 

70,982 

Total 

48,991,135 

74,180 

113,742 

49,179,057 

In  the  foregoing  table  are  included  the  post-mortem  inspections 
of  the  carcasses  of  animals  "  suspected  "  on  ante-mortem  inspection, 
the  final  inspections  of  carcasses  that  were  retained  ^  at  the  time  of 
slaughter,  and  the  carcasses  of  animals  slaughtered  without  ante- 
mortem  inspection  and  presented  at  inspected  establishments  with  the 
head  and  viscera  attached  as  required  by  Regulation  20  of  the  meat- 
inspection  regulations. 

The  various  diseases  and  conditions  for  which  fresh  carcasses  and 
parts  were  condemned  and  tanked  are  shown  in  the  following  table: 

Diseases  and  conditions  for  which  condemnations  were  ntade  on  post-mortem 
inspection,  fiscal  year  li)10. 


Cattle. 

Calves. 

Sw 

Car- 
casses. 

28,882 

Ine. 

Sheep. 

Goats. 

Cause  of  condemnation. 

Car- 
casses. 

Parts      ^^' 
^"^-   casses. 

1 

Parts. 

166 

85 

Parts. 

Car- 
casses. 

Parts. 

Car- 
casses. 

Parts. 

Tuberculosis . .              .... 

27,638 
627 

1 
48,997        lAi 

720,775 

53,008 

1 

Cammis  lymphadenitlff 

1,122 

25 

Hogdioleira 

7,677 
932 

5,561 

40 

uremia 

171 

1,027 

209 

7,070 

35 
300 

61 

1,516  !      164 
539 

41 

3 
11 

Pregnancy  and  recent  par- 
turition  

72 

Immaturity . 

3,472 

346 

43 

657 

499 

Pneumonia,   pleurisy,   en- 
teritis, hepatitis,  nephri- 
tis, metritis,  etc 

1,872 

74 

435 

3,333 

5,253 

4,602 
1,248 

1,572 
909 

54 
13 

Icterus 

Injuries,  bruises,  etc 

166 

383 
786 
630 
932 
866 

2,915        657 

183 

11 

1 

Sexual  odor. 

Asphyxiation 

42 

Emaciaticni 

6,476 
664 

7,839 

1,762 
216 

'*'22' 

1,623 

5,376 
674 

24,490 

81 
28 

Total 

42,426 

122,167 

7,524 

500 

52,439 

728)829   11.127 

24,714 

226 

1 

^Thif  tenn  Is  applied  to  carcasses  held  on  suspicion  on  first  post-mortem  examination 
to  be  subjected  later  to  moce  thorough  examination  for  determining  final  disposition. 
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SUPERVISION   OF  PREPARATION   OF   MlE^TS  AND  PRODUCTS. 

The  amount  of  meats  and  meat  food  products  prepared  and  proc- 
essed under  the  supervision  of  the  bureau  is  shown  in  the  following 
statement,  being  a  decrease  of  8.5  per  cent  from  the  preceding  year: 

Meat  and  meat  food  products  prepared  and  processed  under  bureau  supervision, 

fiscal  year  1910, 


Kind  of  product. 

Weight. 

Kind  of  product. 

1 

Weight. 

Beef  placed  in  cure 

Pounds. 

205,762,443 

2,216,680,470 

2,223,590 

485,863,902 

107,050,501 

17,862,128 

2,350,311 

429,861 

865,270,940 

19,899,786 

63,297,635 

6,736,004 

5,689,868 

11,537,949 

65r,488,849 

'Rfl.kfkrs'  oorfipoiind . . 

Pounds. 

2,499,309 

65,034,672 

156,374,212 

83,713,020 

139,158,391 

325,604 

1,016,510 

715,291 

105,939 

Pork  placed  in  cure 

Oieo  stock  and  edible  tallow 

OleooU 

All  other  classes  placed  In  cure 

Sausage,  chopped 

Oleo  stearin.  .. 

Canned  beef 

Oleomargarin  or  butterine. . . 

CAnned  pofV. , 

Mutton  stock 

All  other  canned  meats 

Mutton  oil 

Meat  extract 

Mutton  stearin 

Steam  and  kettle  rendered  lard 

Oleo  and  mutton  stock 

Leaf  lard 

Oleo  and  mutton  oil 

1,069,865 

131,410 

1,115,676,133 

Neutral  lard 

Oleo  and  mutton  stearin .... 

LardoU 

Miscellaneous  nroducts 

Lurd  stearin .... 

Total 

Lard  compound 

6,223,964,503 

Lard  substitute 

The  following  amounts  of  meat  and  meat  food  products  were  con- 
demned on  reinspection  during  the  fiscal  year  because  of  having  be- 
come sour,  tainted,  putrid,  unclean,  rancid,  or  otherwise  unwhole- 
some :  Beef,  9,566,199  pounds ;  pork,  9,273,124  pounds ;  mutton,  137,- 
598  pounds;  veal,  54,616  pounds;  goat  meat,  271  pounds;  total, 
19,031,808  pounds.  For  the  past  two  years  there  has  been  a  steady 
and  marked  decrease  in  condemnations  for  these  causes  as  a  result 
of  continued  improvement  in  sanitary  conditions  and  in  methods  of 
preparing  and  handling  the  products. 

INTERCHANGE  OF  MEATS   BETWEEN  INSPECTED  ESTABLISHMENTS. 

Considerable  quantities  of  meats  and  meat  food  products  that  have 
been  inspected  and  passed  are  transferred  between  inspected  estab- 
lishments, this  traffic  being  closely  supervised  and  the  meats  and 
products  identified  by  means  of  marks  and  seals.  During  the  fiscal 
year  there  were  transferred  in  this  manner  2,734,019,943  pounds  of 
meats  and  meat  food  products,  part  of  which  was  contained  in  16,073 
sealed  cars  and  21,169  sealed  wagons. 

MEATS  AND  PBODUCTS   CERTITIED  FOB  EXPOBT. 

The  amounts  of  meat  and  meat  food  products  certified  by  the 
bureau  for  export  are  shown  in  the  following  table,  being  a  decrease 
of  30.7  per  cent  as  compared  with  th^  previous  fiscal  year : 
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Inspection  certificates  issued  for  export  of  meat  and  meat  food  products,  fiscal 

vear  1910. 


Kind. 

Number. 

Beef. 

Mutton. 

Pork. 

Total. 

Regular 

42,266 
29,767 

Pounds. 
212,408,598 
1,947,144 

Poundt. 
4,680,846 

Poundt. 
377,380,234 
218,945,328 

Pounds. 

594,469,678 

220,892,472 

Preservative 

Total 

72,032 

214,355,742 

4,680,846 

596,325,562 

815,362,150 

There  were  also  issued  2,174  "  inedible  product "  certificates,  cover- 
ing exports  of  17,676,942  pounds  of  such  inedible  products  as  hoofs, 
horns,  casings,  bladders,  bungs,  etc. 

IMPORTED  OLEO  STEABIN. 

During  the  fiscal  year  23,416,479  pounds  of  compound  and  118,300 
pounds  of  oleomargarin  were  manufactured  from  imported  oleo 
stearin  at  five  inspected  establishments  located  at  three  seaport  cities 
(Jersey  City,  New  Orleans,  and  New  York).  This  imported  product 
is  kept  under  lock  and  key  while  in  these  establishments  and  no 
domestic  meat  food  product  is  permitted  to  be  mixed  with  it.  The 
finished  product  is  also  kept  under  lock  and  is  properly  loaded  into 
vessels  and  exported  without  certificates,  stamps,  or  other  marks  of 
Federal  meat  inspection. 

EXEMPTION  FBOM   INSPECTION. 

The  provisions  of  the  meat-inspection  law  requiring  inspection  do 
not  apply  to  animals  slaughtered  by  farmers  on  the  farm  nor  to 
retail  butchers  and  dealers.  The  department  requires  that  such 
butchers  and  dealers,  in  order  to  ship  meats  and  meat  food  products 
in  •  interstate  commerce,  shall  first  obtain  certificates  of  exemption, 
but  no  such  requirement  is  made  of  farmers.  The  number  of  cer- 
tificates of  exemption  outstanding  at  the  close  of  the  fiscal  year  was 
2,428,  as  against  2,114  at  the  close  of  the  previous  fiscal  year,  an 
increase  of  314  certificates.  During  the  year  it  was  found  necessary 
to  call  in  and  cancel  for  various  causes  428  certificates  of  exemption. 
In  many  of  these  cases,  however,  the  certificates  were  reissued  later 
when  business  was  resumed  or  when  insanitary  conditions  had  been 
corrected. 

During  the  year  118,800  shipments  were  made  under  certificates  of 
exemption,  covering  19,932,221  pounds  of  meat  and  meat-food  prod- 
ucts. Included  in  these  shipments  were  102,409  carcasses,  of  which 
about  90  per  cent  were  veal. 

INSPECTIONS  FOR  THE  NAVY. 

Upon  request  of  the  Navy  Department  occasional  inspections  of 
meats  and  meat  food  products  were  made  for  the  Navy  during  the 
3"— 11 5 
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year.  These  inspections  were  made  at  Baltimore,  Boston,  Brooklyn, 
Jersey  City,  Los  Angeles,  New  Orleans,  New  York,  Norfolk,  Phila- 
delphia, Providence,  San  Francisco,  Seattle,  and  Washington.  The 
meats  and  products  inspected  aggregated  6,448,072  pounds,  of  which 
234,313  pounds  were  rejected.  Rejections  were  made  on  account  of 
the  sour,  slimy,  tainted,  or  putrid  condition  of  the  product,  for  failure 
to  comply  with  the  specifications  regarding  weight,  and  because  of 
the  substitution  of  buck  heifer,  or  cow  meat  for  the  meat  of  wethers 
and  steers  as  specified. 


CONTROL  OF  CX)NTAGI0US  DISEASES. 


TEXAS  FEVEE. 


The  number  of  cattle  shipped  during  the  quarantine  season  of  1909 
to  northern  markets  from  the  area  quarantined  on  account  of  Texas 
or  splenetic  fever  of  cattle  was  1,394,658,  being  an  increase  of  252,854 
head,  or  22.23  per  cent,  as  compared  with  the  previous  year.  These 
were  carried  in  46,741  cars,  45,757  of  which  were  reported  as  having 
been  cleaned  and  disinfected  under  bureau  supervision.  The  num- 
ber of  inspected  or  dipped  cattle  moved  interstate  from  the  provi- 
sionally quarantined  area  under  1,859  certificates  of  inspection  issued 
by  bureau  inspectors  was  143,545. 

During  the  fiscal  year  35,081  head  of  southern  cattle  were  dipped 
in  crude  petroleum  or  otherwise  treated  under  bureau  supervision 
for  unrestricted  movement,  as  provided  in  the  regulations. 


TICK  ERADICATION. 


As  the  result  of  the  work  done  in  cooperation  with  authorities  of 
various  States  for  the  extermination  of  the  ticks  which  spread  the  in- 
fection of  Texas  fever  of  cattle,  areas  aggregating  more  than  57,000 
square  miles,  as  shown  by  the  following  table,  were  released  from 
quarantine  during  the  fiscal  year : 

Areas  released  from  cattle  quarantine  as  a  result  of  tick  eradication. 


state. 


California., 

Texas 

Oklahoma. 
Arkansas.. 
Mississippi 
Tennessee. 


Square 
miles. 


32,271 
10,675 
3,076 
3,466 
1,407 
1,442  . 


State. 


Georgia 

South  Carolina. 
Virginia 

Total.... 


Square 
miles. 


815 
2,673 
1,695 


57,620 


In  addition  to  the  States  represented  in  the  above  list,  active  oper- 
ations are  being  carried  on  in  North  Carolina,  Alabama,  and  Missouri. 

During  the  year  the  total  number  of  inspections  made  by  bureau 
employees  was  3,745,548,  of  which  2,589,082  were  reinspections.  This 
is  an  increase  of  14.5  per  cent  over  the  inspections  of  the  previous 
year. 
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SCABIES  IN  SHEEP. 

The  area  quarantined  for  scabies  in  sheep  was  reduced  during  the 
fiscal  year  by  releasing  from  quarantine  390,000  square  miles,  com- 
prising the  State  of  Washington  and  portions  of  Oregon,  Nevada, 
Utah,  Arizona,  and  Colorado,  while  the  State  of  Kentucky  was  placed 
in  quarantine. 

The  number  of  inspections  made  by  bureau  employees  during  the 
fiscal  year  was  52,749,920,  a  decrease  of  11.7  per  cent  from  the  previ- 
ous year.  The  number  of  dippings  supervised  by  bureau  employees 
was  12,153,356,  a  decrease  of  22.1  per  cent,  and  the  number  of  cars 
cleaned  and  disinfected  was  2,577. 

SCABIES  IN  CATTLE. 

The  area  quarantined  for  scabies  in  cattle  was  reduced  during  the 
fiscal  year  by  releasing  53,021  square  miles,  consisting  of  one  county 
in  Montana,  two  counties  in  Wyoming,  parts  of  five  coimties  in  Col- 
orado, seven  counties  in  Nebraska,  nine  coimties  in  Kansas,  and  nine 
counties  and  parts  of  four  coimties  in  Texas. 

The  number  of  inspections  made  was  18,190,456,  a  slight  increase 
over  the  previous  year. 

The  number  of  dippings  supervised  was  1,336,829,  a  decrease  of 
14.3  per  cent,  and  8,723  cars  were  cleaned  and  disinfected. 

GLANDERS   IN    HORSES. 

There  were  inspected  for  glanders  at  Indian  schools  and  agencies 
16,264  horses  and  mules,  of  which  22  were  found  diseased  and  479 
exposed  to  the  disease.  This  work  was  done  in  cooperation  with  the 
Office  of  Indian  Affairs  of  the  Department  of  the  Interior. 

SCABIES   IN    HORSES. 

The  number  of  horses  and  mules  inspected  for  scabies  during  the 
year  was  11,761  and  the  number  dipped  was  1,216. 

UP-AND-LEO   ULCERATION   IN    SHEEP. 

For  several  years  there  has  existed  in  several  of  the  Western  States 
a  contagious  disease  known  as  lip-and-leg  ulceration  (necrobacillo- 
sis)  among  sheep,  but  during  the  past  year  this  disease  seemed  to 
become  more  extensive  and  assumed  a  very  virulent  form  in  the  State 
of  Wyoming;  and,  in  order  that  its  spread  to  other  States  might  be 
prevented,  eight  coimties  in  that  State  were,  on  August  12,  1909, 
placed  imder  Federal  quarantine.  The  number  of  inspections  during 
the  year  for  this  disease  was  34,549,974.  The  number  of  dippings  and 
disinfections  reported  during  the  year  was  2,765,773,  with  the  result 
that  a  recent  inspection  of  sheep  on  the  range  shows  that  the  disease 
is  decreasing  in  virulence  and  that  there  has  been  a  large  decrease  in 
the  number  of  diseased  sheep,  as  compared  with  the  inspection  in  the 
fall  of  1909.      • 
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BEP0KT8    OF   VIOLATIONS   OF   LITE-STOCK   TRANSPOBTATION    LAWS    AND   BEOXTLATIONS. 

During  the  fiscal  year  employees  of  the  bureau  made  about  550 
reports  of  alleged  violations  of  what  is  known  as  the  28-hour  law  and 
200  reports  of  alleged  violations  of  the  act  of  March  3,  1905,  and  reg- 
ulations based  thereon.  The  information  thus  obtained  was  placed 
before  the  Department  Solicitor,  who  presented  to  the  Department  of 
Justice  for  prosecution  such  cases  as  seemed  to  be  supported  by 
sufficient  evidence.  Many  of  the  cases  tried  required  special  investi- 
gations and  the  collection  of  evidence  by  employees  of  the  bureau,  who 
cooperated  with  the  United  States  attorneys  in  charge  of  the  cases. 

THE  QUARANTINE  DIVISION. 

The  Quarantine  Division,  of  which  Dr.  R.  W.  Hickman  is  the 
chief,  deals  mainly  with  the  inspection  and  quarantine  of  imported 
live  stock,  the  inspection  of  live  stock  for  export,  cooperative  investi- 
gations with  State  and  municipal  authorities  concerning  bovine  tuber- 
culosis, interstate  tuberculin  testing  of  cattle,  and  investigations  of 
animal  diseases  in  Porto  Rico  and  the  Hawaiian  Islands. 

INSPECTION  OF  VESSELS  AND  EXPORT  ANIMALS. 

During  the  fiscal  year  443  inspections  of  vessels  carrying  live  stock 
were  made  before  clearance,  in  order  to  see  that  the  regulations  were 
complied  with  as  to  fittings,  equipment,  ventilation,  feed,  water,  at- 
tendants, etc.,  and  650  certificates  of  inspection  were  issued  for  Ameri- 
can cattle.  The  following  table  gives  statistics  of  inspection  of  live 
animals  for  export  during  the  year : 

Inspection  of  American  and  Canadian  animals  for  export,  fiscal  year  J 910. 


American. 

Canadian. 

Kind  of  animals. 

Nxmiber 
of  inspec- 
tions. 

Nxmiber 
rejected. 

Nxmiber 
tagged. 

Nximber 
exi)orted. 

Nximber 
of  inspec- 
tions. 

Number 
rejected. 

Number 
exx>orted. 

Cattle 

225,089 

2,688 

463 

830 

742 

1 

24 

1 

4 

148 

120.699 

120,351 

1,828 

463 

879 

742 

1 

24 

1 

4 

60,384 
1,988 

27 

60,357 

Sheep 

' 

1,988 

Swine 

Horses 

Mules 

Donkeys 

Elk 

Bison 

Eaeles    ... 

Total 

229,842 

148       120.699 

124,293 

62,372                27 

62,345 

Most  of  the  animals  included  in  the  above  statement  were  shipped 
to  Great  Britain,  namely,  of  American  animals,  118,525  cattle,  848 
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sheep,  510  horses,  1  donkey,  and  14  mules,  and  of  Canadian  animals, 
59,914  cattle  and  1,342  sheep. 

The  inspection  of  vessels  carrying  export  animals  and  the  enforce- 
ment of  the  regulations  continue  to  result  in  an  exceedingly  low  pur- 
centage  of  Iq^ses  of  animals  in  transit.  Statistics  of  animals  landed 
at  British  ports  show  that  only  0.12  per  cent  of  the  cattle  and  0.80  per 
cent  of  the  sheep  were  lost  at  sea,  while  no  horses  or  other  animals 
were  lost. 

During  the  fiscal  year  10,257  horses  were  inspected  by  bureau 
veterinarians  for  shipment  to  Canada,  7,866  of  which  were  tested  with 
mallein  to  determine  whether  or  not  they  were  affected  with  glanders, 
and  146  were  rejected  on  account  of  reacting  to  the  mallein  test. 
There  were  also  inspected  for  exportation  to  Canada  1,614  cattle, 
21,795  sheep,  64  swine,  249  goats,  and  1,038  mules.  Of  the  cattle 
there  were  tested  with  tuberculin  560,  of  which  21  reacted  and  were 
rejected.  Of  the  mules  923  were  tested  with  mallein  and  8  were 
rejected. 

For  shipment  to  the  Hawaiian  Islands  there  were  tested  with 
mallein  65  horses  and  613  mules,  of  which  8  horses  and  14  mules 
reacted  to  the  test;  also  179  cattle  were  tested  with  tuberculin,  23 
of  which  reacted. 


INSPECTION    AND    QUARANTINE    OF    IMPORTED    ANIMAI^. 

Owing  to  the  existence  of  communicable  diseases  of  animals  among 
the  live  stock  of  various  parts  of  the  world,  importations  from  over 
seas  have  been  restricted  to  Great  Britain,  Ireland,  and  the  Channel 
Islands,  and  it  is  required  that  a  permit  be  procured  from  the  Secre- 
tary of  Agriculture  prior  to  shipment  from  countries  other  than 
North  America  for  cattle,  sheep,  and  other  ruminants,  and  swine,  for 
their  landing  subject  to  inspection,  and  their  detention  in  quaran- 
tine at  one  of  the  Federal  quarantine  stations  at  the  port  of  entry. 
Horses  are  admitted  subject  to  inspection  and  without  quarantine. 

The  number  of  animals  imported  during  the  fiscal  year  is  shown 
in  detail  by  the  following  tables: 

Number  of  imported  arUmala  inspected  and  quarantined,  fiscal  year  1910. 


Ports  of  entry. 

Cattle. 

Sheep. 

Swine. 

Goats. 

Other 
animals. 

NcwYork 

1,012 
226 

140 
636 

16 
7 

9 
3 

133 

Bofiton 

16 

PhiM^iphiA ,          

9 

Rnn  TTAIlCiflCO ....                                  

5 

Canadian  bordw  ports 

147 

6,522 

3 

Total 

2,285 

7,297 

26 

12 

V 
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Number  of  imported  animals  inspected ^  hut  not  quarantined,  fiscal  year  1910, 


Ports  of  entry. 

Cattle. 

Sheep. 

Swine. 

Horses. 

Mules. 

Qoats. 

Other 
animals. 

New  York 

5,948 

181 

3 

24 

5 

58 

10 

1,892 

6,262 

68 

6 

Boston 

1 

, 

1 

Philadelphia 

3 

2 

Baltimore 

Portland,  Me 

• 

New  Orleans 

1 

3,105 

37 

Mexican  border  ports 

190,616 
3,204 

18,462 
98,170 

1,423 
588 

6,539 
16 

60 

183 

Total 

103,821 

116,632 

2,011 

14,383 

3,214 

6,565 

251 

TESTS   IN   GBEAT   BBTTAIN   AND   CANADA. 

The  regulations  governing  the  importation  of  animals  subject  to 
inspection  and  quarantine' provide  that  all  cattle  6  months  old  or 
over  imported  from  Great  Britain,  Ireland,  and  the  Channel  Islands 
shall  be  tested  with  tuberculin  by  an  inspector  of  the  Bureau  of  Ani- 
mal Industry  before  being  exported  or  after  arrival  at  the  animal 
quarantine  station  at  the  port  of  entry.  The  following  table  shows 
the  results  of  such  tests  made  in  Great  Britain  during  the  fiscal  year: 

Results  of  tuberculin  tests  in  Great  Britain  of  cattle  for  importation,  fiscal 

year  1910. 


Breed. 


Passed. 

FaUed. 

6 

0 

116 

45 

42 

0 

1842 

12 

872 

7 

Breed. 


Passed.     Failed. 


Aherdeen- Angus . 

Ayrshire 

Dexter- Kerry 

Guernsey 

Jersey 


Red  PoUed. 
Shorthorn... 


13 


'  0 
10 


Total. 


1,929 


74 


1  Thirty-eight  of  these  were  for  shipment  to  the  United  States  via  Canada. 

During  the  fiscal  year  723  cattle  were  tested  with  tuberculin  for 
importation  from  Canada  into  the  United  States,  13  of  which  reacted 
and  were  r^ected.  Of  163  horses  tested  with  mallein,  3  reacted. 
Two  mules  were  likewise  tested  with  mallein  and  were  admitted. 

PREVALENCE  AND  ERADICATION  OP  BOVINE  TUBERCUIiOSIS. 

The  investigations  made  during  the  fiscal  year  1909  concerning  the 
prevalence  and  extent  of  bovine  tuberculosis  were  so  well  supported 
by  the  States  that  it  was  deemed  advisable  to  extend  them  during  the 
past  fiscal  year.  The  work  for  this  year  shows  a  great  increase  in  the 
number  of  tuberculin  tests  applied,  and  includes  testing  in  connec- 
tion with  the  eradication  of  tuberculosis  from  a  State  or  the  locality 
surrounding  a  city  requiring  a  tuberculin  test  for  the  protection  of 
its  milk  supply,  and  testing  of  cattle  at  stock  yards  for  interstate 
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movement.  In  cooperating  with  States  and  cities  it  has  been  cus- 
tomary for  them  to  place  veterinarians  in  the  field  to  work  in  con- 
j  miction  with  this  bureau's  inspectors.  These  investigations  have 
served  an  excellent  purpose  in  educating  the  public  to  the  impor- 
tance of  the  eradication  of  bovine  tuberculosis  as  a  public-health 
measure,  and  have  brought  many  cattle  owners  to  a  realization  of 
the  economic  value  of  eradicating  the  disease  from  their  herds. 

During  the  past  year  the  number  of  States  and  Territories  requir- 
ing a  satisfactory  tuberculin  test  as  a  qualification  for  the  entrance 
of  cattle  for  dairy  or  breeding  purposes  from  other  States  or  Terri- 
tories has  increased  to  a  total  of  35.  Unfortunately,  in  many  States 
there  has  been  no  adequate  appropriation  of  funds  for  the  indemnifi- 
cation of  owners,  the  proper  enforcement  of  the  laws,  or  carrying  on 
the  work.  To  assist  States  in  getting  the  work  started,  and  to  avoid 
delays  and  inconvenience  to  shippers,  the  application  of  the  tuberculin 
test  to  cattle  by  this  bureau  was  undertaken  at  a  number  of  new 
points.  Toward  the  end  of  the  fiscal  year  it  was  decided  that  as  the 
interstate  tests  had  given  such  general  satisfaction,  the  bureau  would 
establish  testing  stations  at  the  majority  of  stockyards  through  which 
cattle  pass  and  where  Government  inspection  is  being  maintained, 
and  it  was  deemed  advisable  to  place  the  interstate  testing  of  cattle 
under  the  direction  of  the  Inspection  Division  at  the  beginning  of 
the  new  fiscal  year,  as  that  division  already  had  control  of  the  regular 
yard  inspections. 

The  following  table  shows  the  cooperative  tuberculin  testing  per- 
formed during  the  past  fiscal  year  for  the  interstate  movement  of 
cattle : 


RestUta  of  iulterculin  tests  of  dairy  and  breeding  cattle  for  interstate  movement, 

fiscal  year  1910. 


States. 

Number 
ofcatUe 
tested. 

Number 
passed. 

Number 
reacting. 

Number 
of  sus- 
pects. 

Percent- 
age of 
reactors 
and  sus- 
pects. 

If  tnnesotrii              

3,657 
1,055 
809 
773 
278 
224 
123 
106 
45 
33 
31 
25 

3,544 
1,041 
789 
759 
277 
210 
103 
94 
43 
33 
28 
25 

102 
14 
15 
13 
1 

12 
9 

12 
1 
0 
2 
0 

11 
0 
6 

1 
0 
2 
11 
0 
1 
0 

1 

0 

3.09 

North  Dakota                                        

1.33 

Oregon 

2.47 

Nebraska.                 

1.81 

Kansfw » . .                                                          

.36 

Cotorado                                      

6.25 

T<lAtin ,                                                                      

16.26 

Virginia 

11.32 

Xiiinois  *                                               

4.44 

Hontanai                          

.00 

liichigani 

9.68 

CaHft>m*ft»                                               

.00 

Total 

7,159 

6,946  1           181 

32 

2.98 

I  Testing  recently  inaugurated. 
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The  following  are  the  tabulated  results  of  tuberculin  tests  applied 
by  bureau  inspectors  as  a  result  of  cooperation  extended  to  States  or 
cities : 

Results  of  tuberculin  testing  of  dairy  cattle  for  States  and  cities,  fiscal  year  1910. 


state  or  city. 

Number 
ofcaUIe 
tested. 

Number 
passed. 

Number 
reacting. 

Number 
of  sus- 
pects. 

Percent- 
age of 
reactors 
and  sus- 
pects. 

Utah 

6,321 
6,762 
5,311 
4,968 
4,838 
2,737 

2,607 

661 
514 
213 

5,898 
6,376 
4,815 
4,906 
4,733 
2,134 

2,439 

646 
495 
182 

332 
319 
486 
59 
82 
519 

233 

5 
10 
24 

91 
67 
10 
24 
23 
84 

26 

10 
9 
7 

6.69 

Kentucky 

6.70 

Nebraska 

9.34 

Ari^anspAs..  , 

1.66 

NewMexico 

2.17 

22.03 

Iowa: 

Waterloo 

9.70 

Idaho: 

Boise 

2.27 

South  Dakotai 

3.70 

North  Dakota » 

14.55 

Total 

34,042 

31,623 

2,060 

360 

7.U 

i  Herds  at  public  institutions. 

The  tuberculin  testing  of  cattle  in  Virginia  and  Maryland,  which 
was  started  in  1907  in  cooperation  with  the  health  department  of  the 
District  of  Columbia  with  a  view  to  obtaining  a  healthful  milk  sup- 
ply for  the  city  of  Washington,  was  continued  throughout  the  past 
fiscal  year.  The  requests  from  owners,  especially  in  Virginia,  for 
the  application  of  tuberculin  tests  to  their  herds,  having  spread  be- 
yond those  herds  supplying  milk  to  the  District  of  Columbia,  it  was 
decided  to  extend  the  bureau's  cooperation  into  other  parts  of  Vir- 
ginia, working  with  the  office  of  the  dairy  and  food  commissioner  of 
that  State  and  in  accordance  with  the  act  of  the  State  assembly 
passed  in  March,  1910.  The  owners  have  been  required,  in  accord- 
ance with  the  custom  of  the  bureau,  since  the  inauguration  of  the 
work,  to  sign  an  agreement  with  the  bureau  for  the  testing  of  their 
cattle,  and  providing  for  the  proper  disposal  of  reacting  animals, 
the  disinfection  of  premises,  and  the  protection  of  their  herds  from 
the  entry  of  untested  stock.  The  results  of  tuberculin  tests  applied 
to  cattle  in  the  States  of  Virginia  and  Maryland  are  shown  by  the 
table  following. 
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BcMults  of  tuberculin  testing  of  dairy  cattle  in  Virginia  and  Maryland,  fUoal 

year  1910, 


Item  and  State. 

Number 
ofoattle 
tested. 

Number 
passed. 

Number 
reacting. 

Number 
of  sus- 
pects. 

Percent- 
age of 
reactors 
and  sus- 
pects. 

Cattle  not  previously  tested : 

Virginia 

1,100 
343 

899 
289 

162 

48 

39 
6 

ia27 

Maryland 

16.74 

Total 

1,443 

966 
309 

1,188 

923 

301 

210 

45 

17.67 

Annual  retests: 

Virginia 

39 
5 

4 
3 

4.46 

Maryland 

2.68 

ToUl 

1,276 

1,224 

44 

7 

400 

The  following  is  a  summary  of  all  the  tuberculin  tests  applied 
under  the  supervision  of  the  bureau  during  the  fiscal  year  in  con- 
nection with  the  work  hereinbefore  reported,  also  including  tests  ap- 
plied in  the  District  of  Columbia  as  hereinafter  reported : 

Number  of  cattle  tested— 45,620 

Number  apparently  free  from  tuberculosis 42,361 

Number  of  reactors  and  suspects 3,259 

Percentage  of  reactors  and  suspects 7.14 

This  summary,  compared  with  that  of  the  preceding  year,  shows 
an  increase  of  36,811  in  the  number  of  cattle  tested. 

THE  ERADICATION  OF  BOVINE  TUBERCULOSIS  IN  THE  DISTRICT  OP  COLUMBIA. 

In  cooperation  with  the  Commissioners  of  the  District  of  Columbia 
the  eradication  of  tuberculosis  of  cattle  in  the  District  was  under- 
taken in  the  fall  of  1909. 

On  November  26, 1909,  there  was  issued  an  "  Order  of  the  Commis- 
sioners of  the  District  of  Columbia  for  the  suppression  and  preven- 
tion of  tuberculosis  in  cattle,"  which  order  was  approved  by  the 
Secretary  of  Agriculture,  and  work  was  begun  November  29  by  the 
Bureau  of  Animal  Industry  through  the  Quarantine  Division.  The 
principal  features  of  the  order  were  as  follows : 

Owners  of  cattle  were  required  to  obtain  a  permit  for  the  entry 
of  cattle  into  the  District  of  Columbia.  When  not  accompanied  by 
a  satisfactory  official  tuberculin  test  chart,  cattle  were  to  be  quaran- 
tined imtil  tested  within  the  District.  All  cattle  entering  the  District 
for  slaughter  were  required  to  be  tagged  for  identification,  the  tag 
to  remain  attached  to  the  hide  until  removed  in  the  presence  of  a 
bureau  employee.  All  cattle  over  6  months  old  already  within  the 
District  of  Columbia  were  required  to  be  inspected  and  tested  with 
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tuberculin,  and  reacting  animals  were  to  be  slaughtered.  Provision 
was  made  for  the  appraisement  of  reacting  cattle,  and  for  partial 
reimbursement  upon  a  percentage  basis,  depending  upon  whether 
or  not  the  tuberculous  lesions  found  upon  post-mortem  examination 
were  slight  and  localized,  or  extensive  and  requiring  the  condemna- 
tion of  the  carcass  to  the  fertilizer  tank,  the  amount  received  from  the 
sale  of  the  carcass  or  hide  being  deducted  from  the  proper  percent- 
age of  the  appraised  value,  the  remainder,  if  any,  being  paid  to  the 
owner  of  the  cattle.  All  premises  upon  which  tuberculous  animals 
had  been  kept  were  required  to  be  promptly  disinfected  under  official 
supervision.  Provision  was  likewise  made  to  prevent  the  illegal  en- 
try of  cattle  into  the  District  and  for  punishment  in  case  of  violations. 

In  order  to  systematize  the  work  it  was  started  in  the  southeastern 
corner  of  the  District,  and  a  designated  area  was  canvassed  with  a 
view  to  ascertaining  the  number,  location,  and  ownership  of  all 
bovine  animals  therein.  Six  veterinary  inspectors  were  then  as- 
signed to  apply  the  tests.  This  method  of  procedure  was  followed 
until  the  testing  of  all  cattle  within  the  District  of  Columbia  was 
once  covered,  namely,  to  April  2, 1910.  Meanwhile  all  cattle,  includ- 
ing calves,  entering  the  District  of  Columbia  from  Maryland  and 
Virginia  or  other  States  were  identified,  tagged,  and  permitted  entry 
in  accordance  with  the  order  of  the  commissioners.  On  March  5, 
1910,  an  amendment  was  issued  to  the  order  of  the  commissioners, 
in  accordance  with  which  calves  under  6  months  old  and  castrated 
cattle  were  permitted  entry  for  slaughter  purposes  without  restric- 
tions. 

The  slaughter  of  cattle  which  had  reacted  to  the  tuberculin  test 
created  an  increased  demand  for  dairy  cows  within  the  District,  and 
cattle  dealers  hastened  to  purchase  cattle  to  supply  this  demand. 
Such  cattle  entered  the  District  after  identification  and  upon  a  permit 
and  were  tested  with  tuberculin  upon  the  premises  of  the  dealer,  who 
bore  the  loss  of  any  cattle  which  reacted  without  reimbursement. 
Thus  cattle  owners  were  enabled  to  replace  promptly  their  diseased 
animals  with  cattle  known  to  be  free  from  tuberculosis. 

After  the  finding  of  reactors  upon  any  premises,  a  satisfactory^ 
appraisement  was  made  and  the  cattle  sold,  subject  to  official  post- 
mortem inspection,  to  the  butcher  submitting  the  highest  bid.  Fol- 
lowing the  removal  of  reactors,  premises  previously  occupied  by  them 
were  thoroughly  cleaned  and  disinfected  under  supervision  of  em- 
ployees of  the  bureau^  a  strong  force  pump  being  supplied  for  use 
in  this  connection.  In  all  dairy  barns,  bichlorid  of  mercury,  in 
aqueous  solution,  1  to  800,  was  employed  in  disinfecting. 

Throughout  the  entire  work  the  cattle  owners  and  dealers  cooper- 
ated with  the  bureau. 
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The  following  is  a  summary  of  the  results  obtained  within  the 
District  in  the  primary  application  of  the  test :  The  total  number  of 
cattle  tested  in  the  District  of  Columbia  was  1,701,  of  which  1,880 
passed,  and  the  remaining  321,  or  18.87  per  cent,  were  regarded  as 
tuberculous  and  were  slaughtered.  Of  these  reactors,  305  were  ap- 
praised before  slaughter,  and  for  the  remaining  16  reimbursement 
was  not  claimed,  as  they  were  in  Grovemment-owned  herds.  The 
post-mortem  inspections  of  these  carcasses  verified  the  correctness  of 
the  tuberculin  reaction  in  98.36  per  cent  of  the  number.  Excluding 
this  1.64  per  cent  of  possible  error,  234  carcasses,  or  76.72  per  cent, 
showed  localized  lesions  of  tuberculosis,  which  permitted  their  use 
for  food  purposes.  The  remaining  66,  or  21.64  per  cent,  showed 
lesions  of  generalized  tuberculosis,  the  entire  carcasses  being  con- 
demned and  converted  into  fertilizer  and  other  inedible  products. 

The  appraised  value  of  305  reacting  cattle  was  $13,851.10,  being  an 
average  of  $45.41.  The  proceeds  of  sales  to  butchers  were  $5,757.08, 
or  an  average  of  $18.88  per  carcass.  Eeimbursement  was  made  to 
owners  on  a  percentage  basis,  the  reimbursement  from  available  funds 
of  the  Department  of  Agriculture  being  $4,264.02,  an  average  per 
cow  of  $13.97.  Owners  thus  received  a  total  average  of  $32.85  per 
cow,  or  $12.56  less  than  the  average  appraised  value. 

A  systematic  retesting  of  all  cattle  upon  premises  which  had  shown 
infection  at  the  time  of  the  original  test  was  started  June  1,  1910, 
and  will  be  continued  during  the  coming  fiscal  year. 

BOVINE   TUBEaCITLOSlS    UPOl^    INDIAN    KESEBVATIONS. 

Upon  request  of  the  Office  of  Indian  Aflfairs  of  the  Department  of 
the  Interior,  the  bureau  applied  the  tuberculin  test  to  cattle  at  31 
Indian  schools  and  reservations  during  the  fiscal  year.  In  compli- 
ance with  a  further  request  from  the  Department  of  the  Interior,  a 
systematic  inspection  and  the  tuberculin  testing  of  cattle  at  all  Indian 
schools  and  reservations  will  be  conducted  during  the  coming  year. 
Tuberculous  cattle  will  be  disposed  of  imder  the  supervision  of  this 
bureau,  and  general  improvement  in  the  construction  of  buildings 
and  in  sanitation,  equipment,  and  methods  of  handling  milk  will 
receive  attention. 

LIVE-STOCK  DISEASES  AND  CONDITIONS  IN  PORTO  RICO. 

During  the  past  fiscal  year  investigations  of  the  diseases  of  live 
stock  and  the  education  of  native  Porto  Ricans  to  the  importance  of 
combating  the  communicable  diseases  of  animals  have  been  con- 
ducted by  Dr.  Thomas  A.  Allen,  bureau  inspector  in  Porto  Rico. 
Little  or  no  action  has  yet  been  taken  toward  the  eradication  of  the 
cattle  fever  tick,  which  infests  the  native  cattle,  particularly  those  of 
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the  hill  country.  Blackleg  has  continued  to  be  an  extensive  disease 
of  cattle,  and  is  gradually  being  combated  by  the  use  of  bureau 
vaccine.  Mycotic  lymphangitis  and  glanders  have  been  reported 
among  the  horses  of  the  island. 

CONTROL   OF    ANIMAL   DISEASES    IN    HAWAII. 

The  suppression  and  prevention  of  communicable  diseases  among 
animals  in  Hawaii  is  under  the  control  of  the  board  of  commissioners 
of  agriculture  and  forestry,  division  of  animal  husbandry,  with 
Dr.  Victor  A.  Norgaard,  Territorial  veterinarian  and  an  inspector  of 
this  bureau  in  charge  of  this  work. 

The  isolated  situation  of  the  Hawaiian  Islands,  and  the  necessity 
for  the  introduction  of  new  stock  from  the  mainland,  rendered  the 
sanitary  control  of  their  introduction  a  matter  of  such  importance 
that  the  Territorial  authorities  promulgated  an  order  effective  Janu- 
ary 1,  1910,  providing  for  the  inspection  of  all  classes  of  live  stock 
prior  to  landing,  and  requiring  the  mallein  testing  of  horses  and 
mules  and  the  tuberculin  testing  of  all  cattle  above  the  age  of  6 
months  by  a  qualified  veterinarian  authorized  by  or  under  the  super- 
vision of  this  bureau.  As  glanders  made  its  appearance  among 
mules  after  their  arrival  from  California,  a  special  rule  requires  a 
quarantine  of  21  days,  coimting  from  the  date  of  departure  from 
California,  of  all  horse  stock  arriving  in  the  Territory  from  that 
State.  For  the  entry  of  sheep,  certificates  by  this  bureau  are  re- 
quired stating  that  they  are  free  from  sheep  scab  and  have  been 
dipped  in  accordance  with  bureau  regulations.  Swine  are  required 
to  be  accompanied  by  a  certificate  showing  their  freedom  from  hog 
cholera  or  swine  plague  and  from  exposure  thereto. 

The  problems  of  tuberculosis  and  sanitary  milk  production  were 
given  special  consideration  during  the  past  year,  and  on  March  21, 
1910,  Honolulu  ordinance  No.  17  was  passed  providing  for  the  inspec- 
tion of  milk  and  dairies  and  dairy  cows  and  regulating  the  sale  of 
milk,  etc.  Under  this  ordinance  it  is  intended  that  the  tuberculin 
test  shall  be  applied  to  all  cattle  furnLshing  milk  to  Honolulu. 
One  thousand  three  hundred  dairy  cattle  have  been  tested,  35  per  cent 
of  which  have  given  reactions. 

LIVE-STOCK    DISEASES    AND    CONDITIONS    IN    HONDURAS. 

During  the  past  year  numerous  applications  were  received  from 
representative  business  men  of  New  Orleans,  La.,  and  from  cattle 
growers  in  Honduras  for  permission  to  import  Honduran  cattle 
into  the  United  States  for  beef  purposes.  As  nothing  was  definitely 
known  concerning  the  character  and  extent  of  animal  diseases  in  that 
country,  and  as  the  Government  of  Honduras  did  not  possess  oflScial 
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knowledge  concerning  tKe  native  animal  diseases,  two  representatives 
of  this  bureau,  Dr.  William  Thompson  and  Mr.  James  E.  Downing, 
were  sent  to  make  an  investigation  of  live-stock  conditions  and  dis- 
eases in  that  coimtry.  The  investigation  extended  from  March  29 
to  July  7, 1910,  and  covered  all  cattle-raising  portions  of  Honduras. 
Representative  ranches  in  each  cattle  district  were  visited,  the  cattle 
carefully  inspected,  and  inquiries  made  concerning  any  disease  which 
might  exist  in  such  locality. 

The  cattle  feed  principally  on  natural  pastures,  which  during  the 
summer  or  dry  season  furnish  a  scanty  subsistence.  Where  cultiva- 
tion is  practiced  on  the  coast  land  and  in  the  interior  small  valleys, 
"guinea''  and  "para"  grass  provide  a  plentiful  forage  throughout 
the  year.  Owing  to  the  mountainous  nature  of  the  country,  small 
streams  of  mountain  or  spring  water  abound  practically  everywhere. 

The  cattle  of  Honduras  are  small,  slow  to  reach  maturity,  and  thin- 
fleshed,  being  degenerated  descendants  of  the  cattle  introduced  by 
the  early  Spanish  settlers.  In  general,  no  effort  is  made  toward  the 
improvement  of  cattle  or  live  stock,  and  male  animals  are  allowed  to 
roam  at  will,  even  those  cattle  intended  for  beef  not  being  castrated 
until  3  or  4  years  of  age.  Steers  4  or  5  years  old,  grass  fed,  average 
about  1,000  pounds  live  weight,  and  dress  40  to  50  per  cent.  The 
estimated  annual  net  increase  among  cattle  is  only  12  per  cent,  severe 
losses  being  attributed  to  depredations  of  the  leopard,  piuna,  wild  cat, 
and  other  animals,  and  to  the  cattle  tick. 

As  a  result  of  the  investigation  it  was  determined  that  the  cattle 
tick  {Margarojma  annulatus)  exists  throughout  Honduras,  and  that 
the  losses  sustained  from  the  ravages  of  this  tick  are  serious,  the  ticks 
constituting  the  one  great  cattle  plague  of  the  country.  The  fact 
that  for  a  number  of  years  there  was  a  continued  and  profitable  busi- 
ness in  the  shipping  of  Honduran  cattle  to  Cuba,  where  the  cattle- 
fever  tick  is  likewise  prevalent,  affords  confirmatory  evidence  not 
only  that  the  tick  of  Honduras  is  the  cattle- fever  tick,  but  that  the 
cattle  of  that  country  harbor  in  their  blood  the  specific  organism  of 
southern  or  splenetic  fever.  Further  confirmation  is  afforded  by  a 
shipment  of  nonimmune  bulls  from  Chicago,  HI.,  to  Truxillo,  Hon- 
duras, all  but  one  of  which  died  from  this  fever  shortly  after  their 
arrival. 

Blackleg  was  found  to  be  especially  prevalent  in  the  districts  of 
El  Paraiso  and  Olancho.  Anthrax,  or  "  morina,"  apparently  exists 
in  various  portions  of  the  country,  being  most  prevalent  during  the 
months  of  July  and  August.  Mycotic  stomatitis  occurs  principally 
toward  the  end  of  the  rainy  season,  when  vegetation  is  at  its  rankest 
growth.  Foot-and-mouth  disease  and  tuberculosis  are  unknown 
among  cattle  in  Honduras.    Actinomycosis  is  prevalent  in  the  dis- 
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tricts  of  Vallee  and  Choluteca.  Glanders,  farcy,  and  mycotic  lym- 
phangitis were  not  found  among  horses  and  mules. 

Gangrenous  dermatitis  affects  the  feet  of  these  animals,  frequently 
causing  the  hoofs  to  drop  off.  The  natives  attribute  this  condition 
to  the  bite  of  the  spider.  A  few  cases  of  mange  were  seen  in  horses 
and  mules.  Special  investigations  were  conducted  to  determine  the 
presence  of  trypanosomiasis,  with  negative  results.  Swine,  which 
are  of  the  long-headed,  razor-backed  type,  act  as  scavengers,  and 
frequently  through  their  meat  convey  the  Cysticercus  celluloacB  para- 
site to  man,  producing  the  tapeworm  Tcenia  solium. 

Exportations  of  cattle  from  Honduras  to  Cuba  were  made  from 
1882*  to  within  recent  years.  This  trade  has  now  been  totally  sus-. 
pended,  due  to  the  complete  restocking  of  Cuba.  A  small  trade  in 
Honduran  cattle  is  being  carried  on  with  Salvador,  Guatemala,  and 
British  Honduras,  and  it  is  estimated  that  should  there  be  a  sufficient 
outlet  for  cattle  30,000  head  of  steers  could  be  annually  exported. 

The  presence  and  prevalence  throughout  Honduras  of  the  cattle 
tick,  carrying  with  it  the  specific  organism  of  southern  or  splenetic 
fever,  will  prevent  the  importation  of  cattle  from  that  country  into 
the  United  States,  as  such  importation  is  prohibited  by  section  6  of 
the  act  of  Congress  approved  August  30,  1890. 

THE  PATHOLOGICAL  DIVISION. 

The  Pathological  Division,  of  which  Dr.  John  E.  Mohler  is  the 
chief,  has  continued  the  scientific  investigation  of  animal  diseases 
and  other  lines  of  work  as  heretofore. 

LIP-AND-LEG  ULCERATION  OF  SHEEP. 

The  extensive  prevalence  of  necrobacillosis  in  sheep  under  both 
range  and  feed-lot  conditions  has  afforded  this  laboratory  excellenf 
opportunities  for  making  interesting  observations  relative  to  the 
causative  agent  and  the  transmissibility  of  the  disease.  In  almost 
all  cases  where  microscopic  lesions  suggested  necrobacillosis  the  pres- 
ence of  the  necrophorus  bacillus  was  demonstrated  either  by  stained 
smears  or  by  rabbit  inoculations.  In  some  instances  it  was  necessary 
to  resort  to  other  methods.  The  fact  that  the  malignant  form  of  this 
disease  may  arise  from  the  mild  form  was  demonstrated  by  experi- 
ments carried  out  in  the  following  way:  From  the  warty,  inactive 
form  of  the  disease,  as  often  found  in  lambs,  a  pure  culture  of  the 
necrosis  bacilli  was  obtained  from  lesions  of  an  inoculated  rabbit. 
This  pure  culture  was  inoculated  into  a  second  rabbit,  and  the  ne- 
crotic muscle  from  this  rabbit  when  rubbed  upon  the  scarified  nose 
and  lips  of  a  wether,  ewe,  and  buck  lamb  resulted  in  the  production 
of  typical  aggravated  forms  of  necrobacillosis.    The  malady  was 
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easily  transmitted  to  healthy  sheep  by  the  inoculation  of  scabs  frcMn 
ulcers  of  the  lips  of  sheep.  Smears  and  cultures  made  from  the 
lesions  produced  by  experimental  inoculations  showed  necrosis  ba- 
cilli present  in  large  numbers. 

During  the  past  winter  inspectors  at  various  slaughtering  estab- 
lishments forwarded  for  diagnosis  cattle  livers  exhibiting  circum- 
scribed yellowish-gray  necrotic  areas.  Smears  from  such  necrotic 
centers  showed  them  to  contain  practically  a  pure  culture  of  the 
necrosis  bacillus.  Portions  of  these  beef  livers  were  inoculated  upon 
the  lips  of  sheep  and  produced  characteristic  necrotic  ulcers.  Smears 
from  these  necrotic  ulcers  were  teeming  with  characteristic  necroph- 
orus  bacilli,  thus  establishing  the  experimental  transmissibility  of 
this  organism  from  one  species  of  animal  to  another. 

SWAMP  FEVER  OF  HORSES. 

The  investigation  of  swamp  fever  or  infectious  anemia  of  horses 
has  been  continued.  A  paper  dealing  with  this  disease  was  published 
in  the  Twenty-fifth  Annual  Keport  of  the  bureau  and  also  as  Circular 
138.  From  general  observations  it  seems  conclusive  that  aside  from 
the  presence  of  the  virus  of  the  disease  there  are  certain  changes  in 
the  blood  of  advanced  cases  of  swamp  fever  that  are  of  extreme  im- 
portance, but  these  are  of  such  a  nature  that  no  method  has  yet  been 
devised  for  their  accurate  determination.  In  a  broad,  general  way 
it  may  be  said  that  the  blood  is  the  real  seat  of  the  trouble,  and  that 
any  pathological  changes  observed  in  tlie  circulatory  system  or  in  the 
visceral  organs  are  dependent  on  this  rather  than  that  the  lesions  in 
the  circulatory  system  and  viscera  are  primary.  The  atrophy  and 
weakening  of  the  muscles  of  the  hind  quarters,  causing  the  consequent 
staggering  gait,  undoubtedly  are  the  result  of  metabolic  disturbances 
which  are  inherent  in  the  blood  rather  than  in  the  muscles  themselves. 
For  the  present  it  seems  probable  that  as  the  disease  progresses  the 
animal,  in  spite  of  abundant  food,  a  vigorous  appetite,  and  the  ab- 
sence of  any  noticeable  lesions  in  the  alimentary  tract,  at  first  loses  its 
ability  to  lay  on  fat,  and  that  from  this  stage  it  draws  on  its  body  fat. 
This  certainly  points  to  a  perverted  carbohydrate  metabolism,  and 
all  observations  point  to  the  blood  as  the  chief  seat  of  the  disturbance. 
The  body  fat  undergoes  a  serious  atrophy,  and  this  change  may  ac- 
count for  some  of  the  edemas  which  are  so  frequently  observed. 

An  experiment  with  the  trypanblue  treatment  is  still  under  way. 

The  conclusion  has  been  reached  from  the  results  thus  far  obtained 
that  natural  immunity  against  swamp  fever  does  exist  in  some  horses. 
This  immunity  may  be  increased  by  repeated  injections  of  virulent 
serum  from  which  contaminations  have  been  removed  or  by  means  of 
defibrinated  blood. 
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An  experimental  exposure  of  a  healthy  horse  which  was  quartered 
in  a  stall  adjacent  to  one  containing  a  sick  horse  for  seven  months  has 
failed  to  transmit  the  disease.  The  discovery  of  a  trypanosome  in 
the  blood  of  horses  in  Panama  affected  with  a  disease  which  was 
diagnosed  as  swamp  fever  has  been  reported,  but  our  observations 
made  in  various  parts  of  the  United  States  do  not  support  the  re- 
sults obtained  by  the  writer  of  the  report  in  question.  In  fact,  the 
results  have  been  so  radically  different  that  the  question  may  well  be 
asked  whether  both  series  of  experiments  have  been  made  upon 
horses  affected  with  the  same  disease,  although  the  symptoms  and 
lesions  described  in  both  instances  resemble  those  of  swamp  fever. 
The  equine  trypanosomiasis  of  Panama  seems  to  occupy  an  intermedi- 
ate position  between  the  swamp  fever  of  the  United  States  and  mal 
de  caderas  of  South  America  and  to  bear  a  very  intimate  relation 
to,  if  it  is  not  identical  with,  the  Gambian  horse  disease  of  West 
Africa. 

CHRONIC  BACTERIAL  DYSENTERY. 

A  COW  affected  with  chronic  bacterial  dysentery,  or  Johne's  disease, 
was  shipped  to  the  laboratory  from  Pennsylvania  and  furnished 
material  for  further  study  of  the  disease.  The  diagnosis  in  this  ani- 
mal was  confirmed  by  microscopic  examination  of  rectal  scrapings, 
which  revealed  the  acid-fast  organism  of  this  disease  in  great  num- 
bers. The  cow  was  kept  isolated  in  a  stable  in  which  several  chick- 
ens were  exposed,  in  order  to  determine  whether  there  exists  any 
association  between  this  disease  in  cattle  and  avian  tuberculosis,  as 
has  been  asserted  by  some  investigators.  It  is  obvious  that  such  an 
association  of  chickens  with  an  affected  animal  would  afford  a  splen- 
did opportunity  for  transmission  if  such  were  possible.  The  cow 
died  in  an  extremely  emaciated  condition  about  three  months  after 
her  arrival,  and  the  post-mortem  examination  revealed  no  lesions 
except  the  characteristic  changes  in  the  mucosa  of  the  intestines. 
These  changes  were  particularly  marked  in  the  ileum.  The  exposed 
chickens  were  killed  after  the  death  of  the  cow  and  were  examined. 
They  showed  no  lesions  whatsoever,  and  mucous  scrapings  from 
different  portions  of  the  intestines  failed  to  demonstrate  the  presence 
of  acid-fast  organisms.  The  histological  examination  of  the  affected 
intestines  from  the  cow  showed  changes  characteristic  of  the  disease, 
the  specific  organisms  being  present  in  the  mucosa  and  contiguous 
Ijrmph  glands  in  numerous  clumps.  Attempts  to  grow  the  organism 
on  various  culture  media  failed  to  give  satisfactory  results. 

BIGHEAD  OF  SHEEP. 

The  disease  of  sheep  known  to  flock  masters  of  certain  sections  of 
the  intermountain  regions  of  the  West  as  "bighead"  has  been  the 
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object  of  investigation  in  an  effort  to  learn  something  of  its  nature 
and  cause.  On  account  of  the  fleeting  character  of  the  disease  and 
its  entire  absence  in  certain  years  a  good  opportunity  to  study  it  has 
not  heretofore  been  afforded.  However,  a  number  of  cases  were 
seen  this  year  by  a  member  of  the  staff  of  the  Pathological  Division, 
and  it  is  thought  that  a  correct  insight  of  its  nature  has  been  ob- 
tained. 

The  localities  where  this  disease  is  known  range  in  altitude  from 
4,500  to  8,000  feet  above  sea  level,  usually  on  the  plains  and  valleys 
between  the  higher  ranges  of  mountains.  Places  are  known  in  Idaho, 
Wyoming,  and  Utah  where  it  is  likely  to  make  its  appearance  during 
any  of  the  spring  months.  It  is  most  often  seen  in  the  spring  follow- 
ing the  melting  of  the  snows  or  immediately  after  late  snowstorms  at 
that  time  of  the  year.  As  indicated  by  its  name,  the  chief  and  char- 
acteristic symptom  is  a  very  much  swollen  condition  of  the  head. 

A  singular  feature  about  this  disease  is  that  it  is  usually  confined 
to  certain  bands,  and  that  quite  a  number  of  animals  are  simultane- 
ously affected.  It  occurs  only  in  certain  regions  of  the  West,  and 
with  more  or  less  yearly  regularity,  varying,  so  the  stockmen  claim^ 
with  climatic  conditions.  There  appear  to  be  very  definite  localities 
where  it  is  looked  for  by  herders  on  the  trail.  The  soil  of  all  these 
regions  is  of  volcanic  formation.  The  flora  is  also  more  or  less  simi- 
lar, and  the  climatic  conditions  are  likely  to  be  very  much  alike. 

Post-mortem  examinations  did  not  give  much  information  as  to 
the  cause.  Aside  from  the  edematous  infiltrations  of  the  subcutane- 
ous tissues  of  the  head  and  certain  alterations  or  destruction  of  the 
eyes  nothing  very  abnormal  was  f  oimd.  From  the  internal  organs  of 
five  affected  animals  culture  media  were  inoculated  in  an  effort  to 
isolate  any  disease-producing  micro-organisms  that  might  be  har- 
bored therein,  but  in  no  case  was  a  growth  obtained  except  from 
accidental  contaminations  from  the  air. 

From  the  histories  of  various  outbreaks  of  the  disease,  as  related 
by  a  number  of  intelligent  and  observing  sheep  owners  and  from 
personal  observations,  it  is  certain  that  many  views  previously  held 
as  to  its  etiology  are  wrong.  For  instance,  it  does  not  require  a 
storm  to  produce  the  disease;  it  does  not  require  melting  snows  to 
bring  on  an  attack;  alkali  water  does  not  cause  bighead  in  other 
parts  of  the  West  and  is  no  more  likely  to  produce  it  in  these  re- 
gions; and  gaseous  emanations  probably  have  nothing  at  all  to  do 
with  it,  as  emanations  of  gas  have  never  been  proven  even  to  exist. 
But  climatic  conditions  of  a  definite  character,  in  combination  with 
certain  plants,  probably  do  have  the  necessary  influence  to  engender 
the  disease,  and  from  observations  made  this  year  it  would  seem  that 
the  drinking  water  had  a  contributing  influence. 
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In  reviewing  the  literature  of  plant  poisoning  of  animals  one  is 
struck  with  the  great  similarity  of  this  disease  to  that  condition 
known  as  f agopyrismus,  a  disease  of  the  skin  and  subcutaneous  tissues 
produced  by  the  eating  of  buckwheat,  but  requiring  the  direct  rays  of 
the  sun  to  act  in  conjunction  therewith.  With  this  idea  in  view,  an 
opportunity  was  afforded  at  Christianburg,  Utah,  to  put  this  theory 
to  a  test,  at  least  so  far  as  the  atmospheric  conditions  are  concerned. 
In  less  than  two  hours  three  different  bands  of  sheep,  3  to  5  miles 
apart,  all  exposed  to  the  same  atmospheric  conditions  and  grazing 
on  the  same  kinds  of  plants,  developed  many  cases  of  bighead.  All 
of  them  had  been  watered  that  morning  in  the  Sevier  River  or  in  the 
irrigation  ditches  flowing  from  that  river.  The  first  band  to  water 
and  the  one  farthest  away  from  the  stream  at  the  time  the  sun  began 
to  operate  had  the  largest  number  of  sheep  affected.  This  band  of 
sheep  had  been  shorn  and  was  being  hurried  along  on  its  way  to  the 
home  lambing  grounds.  The  other  two  bands  were  not  yet  shorn 
and  were  being  moved  more  slowly.  Several  other  bands  subjected 
to  very  nearly  the  exact  conditions  on  other  days  developed  cases  of 
bighead. 

'  It  seems  probable  that  poisonous  properties  in  a  certain  plant  or 
plants,  in  combination  with  certain  conditions,  may  be  the  causative 
agent  of  the  disease,  and  several  plants  are  now  under  investigation. 

GLANDERS. 

A  great  number  of  specimens,  principally  nasal  swabs,  from  sus- 
pected cases  of  glanders  have  been  received  at  the  laboratory  for 
diagnosis.  The  usual  bacteriological  methods  were  employed  for  the 
determination  of  the  disease. 

Besides  these  routine  examinations  of  suspected  cases,  experiments 
were  conducted  by  which  an  early  and  reliable  diagnosis  of  latent 
cases  of  glanders  could  be  made.  In  many  glandered  horses  the 
clinical  symptoms  of  the  disease  are  manifested  only  at  a  late  stage 
or  not  at  all,  and  such  unsuspected  latent  cases  must  be  considered  as 
dangerous  in  spreading  the  disease.  The  mallein  and  agglutination 
tests  both  have  their  deficiencies,  and  a  more  reliable  method  of 
detecting  incipient  and  latent  cases  is  very  desirable.  Following  the 
suggestion  of  a  European  correspondent,  the  bureau  is  conducting 
experiments  with  a  precipitation  method  for  the  diagnosis  of  glan- 
ders, and  the  results  so  far  obtained  are  exceedingly  promising  and 
indicate  that  with  its  aid  an  early  diagnosis  of  suspected  cases  will 
be  possible  not  only  in  laboratories,  but  in  the  field  as  well. 

ANTHRAX. 

In  controlling  outbreaks  of  anthrax  it  is  the  general  practice  to  use 
Pasteur  vaccines  for  the  purpose  of  preventing  the  spread  of  the  in- 
fection.    As  this  method  requires  about  one  month  in  which  to  estab- 
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lish  protection,  efforts  have  been  made  to  shorten  this  period  by  the 
use  of  certain  laboratory  products  which  consist  of  a  vaccine  requir- 
ing only  one  application  and  an  antibacterial  serum.  In  a  general 
way  favorable  results  were  obtained  in  experimental  rabbits  by  the 
use  of  certain  substances  precipitated  from  nondialyzed  cultures,  but 
these  all  failed  when  applied  to  the  larger  animals.  Likewise,  an 
autogenic  vaccine  had  no  effect  when  tested  against  virulent  bacilli. 

Numerous  experiments  have  shown,  however,  that  an  immediate 
passive  immunity  can  be  conferred  by  the  use  of  blood  from  a  highly 
immunized  animal,  one  which  will  resist  5,000  times  the  mini- 
mal lethal  dose  of  the  most  virulent  strains  of  anthrax  bacilli ;  also 
that  simultaneous  injections  of  the  most  virulent  strains  of  bacilli,  or 
of  attenuated  bacilli,  and  such  a  serum,  confer  an  active  immunity. 
Hence  by  the  use  of  this  method  an  existing  outbreak  can  be  checked, 
or  the  disease  can  be  prevented,  as  by  the  ordinary  vaccines.  As  the 
serum  confers  immediate  passive  immunity,  it  is  not  deemed  wise  to' 
employ  virulent  bacilli  for  producing  the  active  immunity,  but  it  is 
safer  to  inject  simultaneously  with  the  serum  the  usual  Pasteur  vac- 
cines, or  a  single  vaccine  which  corresponds  in  strength  to  the  No.  2 
Pasteur  vaccine. 

BLACKLEG  VACCINE. 

During  the  iSscal  year  ended  June  30,  1910,  the  Pathological  Divi- 
sion prepared  and  distributed  among  stock  raisers  about  1,000,000 
doses  of  blackleg  vaccine.  The  high  standard  of  efficiency  of  the  vac- 
cine prepared  by  this  bureau  has  been  maintained,  as  is  shown  by  re- 
ports made  by  the  stock  raisers  who  have  used  the  vaccine.  Reports 
on  vaccine  distributed  during  the  iSscal  year  ended  June  30,  1909, 
show  that  out  of  578,996  cattle  reported  as  vaccinated  only  2,242 
(0.38  per  cent)  died.  Comparison  with  previous  reports  shows  a  ma- 
terial decrease  in  the  losses  from  this  disease  before  vaccination,  and 
also  a  slight  decrease  in  the  percentage  of  losses  after  vaccination. 

RABIES. 

Rabid  animals  have  continued  to  arrive  at  the  laboratory  for  exam- 
ination during  the  year  in  but  slightly  decreased  numbers  from  those 
received  during  the  year  before.  The  number  of  positive  cases  re- 
ceived each  month  shows  that  the  infection  has  been  constantly  pres- 
ent in  animals  of  the  infected  localities. 

During  the  year  116  cases  have  been  examined,  consisting  of  100 
dogs,  7  cattle,  6  cats,  2  mules,  and  1  sheep,  which  had  bitten  at  least 
59  persons  and  46  animals.  Other  animals  may  have  been  bitten  of 
which  no  record  was  made,  as  a  rabid  dog  in  his  wanderings  across 
the  country  is  liable  to  snap  at  every  animal  that  he  may  chance  to 
meet,  and  in  many  instances  these  attacks  escape  observation,  yet 
these  are  the  cases  which  perpetuate  the  disease  among  the  dogs  of  the 
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infected  regions.  Of  the  116  suspected  cases  examined,  75  were  found 
to  be  positive.  The  following  table  gives  data  regarding  these  posi- 
tive cases.  It  will  be  seen  that  58  of  these  cases  came  from  the  Dis- 
trict of  Columbia. 


Positive  cases  of  rabies  diagnosed  by  the  Bureau  of  Animal  Industry  during 

the  fiscal  year  1910, 


Date. 


Record 
No. 


AnbndB. 


Sooroe. 


Persons  or  animals 
bitten. 


1909. 

July  7 
9 
23 

Aug.  13 
16 
16 
19 
25 

Sept.  8 
13 
15 
16 
22 
22 
30 

Oct.  1 
1 
8 
9 

Nov.  9 
15 
15 
23 

Dec.  6 
11 
21 
22 
22 
29 
1910. 

Jan.  3 
8 
12 
12 
13 
13 


3209 
3210 
3232 
3258 


3274 
3285 


Dog.. 
...d  . 
...do. 
...do.... 
...do.... 
...do. 
...do. 
...do. 


3301  ...do. 


3309 
3314 
3320 
3329 
3330 
3341 
3344 
3348 
3361 
3365 
3433 
3445 
3446 
3466 
3493 
3505 
3514 
3518 
3520 
3526 

3543 
3548 
3559 
3560 
3564 
3565 


...do. 
...do.... 
...do.... 
...do. 

Cow. 

Cat.. 

Dog.. 
...do. 

..do. 

..do. 

..do. 

..do. 
...do.... 
.do. 
.do. 
...do. 
...do. 

..do. 

..do.... 


17 

3568 

19 

3574 

22 

3582 

24 

3589 

24 

3591 

Feb.  2 

3611 

7 

3618 

9 

3625 

10 

3G36 

23 

3656 

District  of  Colombia. 

....do 

....do 

Virginia 

District  of  Columbia . 

....do 

....do 

....do 

....do 

....do 

Tennessee 

District  of  Columbia . 

....do 

Indiana 

District  of  Columbia . 

....do 

.....do 

do 

do. 

do 

do 

West  Virginia 

District  of  Columbia. 

do 

do 

do 

West  Virginia 

District  of  Columbia. 
do 


...do.. 
...do.. 
...do.. 
...do.. 
...do.. 

Cat.., 

Dog.. 

..do.. 

..do.. 

..do.... 

..do.... 

..do.... 
...do.... 
..do.... 
Cow .... 
Dog 


....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

Colorado 

District  of  Columbia . 
West  Virginia 


District  of  Columbia . 

do 

do 

West  Virginia 

Virginia 


None  reported. 
Several  animate. 
Iboy. 

1  woman. 
None  reported. 

Do. 
Iboy. 
3  people. 
Idog. 
None  reported. 

Do. 
Iman. 
None  reported. 

Do. 

2  persons. 
None  reported. 
Iman. 

Do. 
None  r^Mrted. 

Do. 

Do. 
IchUd. 
Iman. 
None  reported. 

Do 
2  men. 

1  woman. 

Do. 
Iman. 

None  reported. 
Igirl. 

2  persons. 
None  reported. 
11  dogs,  1  cow. 

1  child. 
None  reported. 

2  persons,  2  dogs. 
None  rei)orted. 

2  persons. 

2  persons  and  a  numbei 

of  dogs. 
Idog. 

1  woman,  several  dogs. 
Iboy. 

None  reported. 
Do. 
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PoHtire  eases  of  rabies  diaffnosed  by  the  Bureau  of  Animal  Industry  during 
the  fiscal  year ^910 — CoDtinued. 


Date. 

Record 
No. 

Animal. 

Source. 

Persons  or  ftwtnm^ 
bitten. 

19ia 
Mar.     8 

3678 
3685 
3601 
3683 
3607 
3606 
3706 
3711 

3n5 

3724 
3737 
3738 
3743 
3756 
3757 
3767 
3778 
3785 
3788 
3791 
3797 
3796 
3810 
3822 
3830 
3845 
3855 
3857 
3859 
3872 

Mule.... 

Dog 

...do.... 

Virginia 

1  man. 

10 

District  of  Columbia 

Idog. 

None  reported. 

1  man. 

15 

do 

16 

...do.... 

do 

17 

Cat 

do 

Do. 

17 

Dog 

do 

None  reported. 
1  man. 

19 

...do.... 
...do.... 

Steer.... 

Dog 

...do.... 

Maryland 

25 

District  of  Columbia 

None  reported. 
Do. 

28 

Missouri 

Apr.    4 

District  of  Columbia 

Do. 

11 

do 

1  man. 

11 

Cow.... 
Dog..... 
...do.... 

IfftryUmd    . 

None  reported.  • 
2  dogs. 
1  woman. 

13 

District  of  Columbia 

21 

do 

22 

...do.... 

do 

None  reported. 
Do. 

28 

...do.... 

do 

ICay     6 

...do.... 

do 

Do. 

10 

...do.... 

do..... 

Do. 

11 

...do.... 
...do.... 
...do.... 

Tennessee  . 

1  child.            • 

12 

District  of  Columbia 

14 

do 

Several  dogs. 

16 

...do.... 
...do.... 
...do.... 

VlrglnlA 

Several  cattle. 

20 

TMs^ct  of  <>lnf»lblA , 

3  dogs. 

24 

do 

Iboy. 

31 

...do.... 

do 

None  reported. 
2  or  3  dogs. 

June    4 

...do.... 

do 

18 

...do.... 
...do.... 
...do.... 
...do.... 

Texas 

None  reported. 

20 
21 
20 

District  of  Columbia 

Tennessee 

DLstHrtnfnnliitnhlft    . 

Iboy. 
2chUdren. 
Several  dogs. 

The  diagnosis  of  rabies  in  the  suspected  animals  received  at  the  lab- 
oratory has  been  made,  so  far  as  possible,  by  the  demonstration  of 
Negri  bodies.  This  method  of  examination  Is  proving  to  be  very  sat- 
isfactory, and  is  used  at  present  in  most  pathological  laboratories 
where  rabies  investigations  are  made. 

It  is  of  interest  to  learn  that  rabies  has  been  so  completely  eradi- 
cated from  Great  Britain  by  the  enforcement  of  muzzling  regula- 
tions that  the  pathologists  of  that  country  were  obliged  to  send  to  this 
country  for  material  from  which  to  make  a  study  of  Negri  bodies 
when  the  discovery  was  made  that  the  latter  bore  a  most  intimate 
relation  to  the  transmission  and  development  of  rabies. 

DISEASES  OF  POULTRY  AND  OTHER  BIRDS. 

Routine  work  has  related  to  the  ordinary  diseases  noted  in  previous 
reports.  The  recent  claims  of  European  investigators  as  to  the  ultra- 
microscopic  character  and  identity  of  the  causal  agent  in  so-called 
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chicken  diphtheria  (roup)  and  epithelioma  contagiosnm  (chicken 
pox)  give  interest  to  the  laboratofy  findings  in  certain  outbreaks 
during  the  past  year.  In  a  severe  outbreak  that  occurred  among  a 
flock  of  game  chickens  there  were  found  in  all  the  birds,  in  stained 
smears  from  the  necrotic  material  from  mouth,  nose,  and  eye,  great 
numbers  of  short,  medium,  and  long-beaded  filaments  of  Bacillus 
necrophorus.  Isolated  in  pure  culture  and  inoculated  on  the  scarified 
buccal  mucous  membrane  of  healthy  chickens,  there  resulted  only  a 
passing  necrotic  patch,  which  vanished  in  several  days.  Associated 
with  the  necrophorus  bacillus  in  this  disease  was  the  polar-stained 
hemorrhagic  septicemia  organism  Bacterium  avicida^  the  recognized 
cause  of  fowl  cholera.  So  virulent  was  this  organism  that  necrotic 
material  inoculated  subcutaneously  into  rabbits  resulted  in  death  in 
three  days,  and  the  cultivation  of  the  bacterium  from  the  heart  blood, 
liver,  and  spleen,  readily  followed.  The  site  of  inoculation  was 
marked  by  caseo-necrotic  material  presenting  the  well-known  char- 
acteristics of  necrobacillosis,  although  manifestly  in  such  time  there 
could  be  no  typical  development  of  the  "  necrophorus  "  lesion.  Pure 
cultures  of  Bacterium  avicida  inoculated  upon  the  scarified  buccal 
mucdtis  membrane  of  healthy  chickens  resulted  in  a  thin  yellowish 
scab  and  death  in  three  days. 

iVnother  outbreak  affected  almost  exclusively  the  chicks,  but  two 
adult  birds  being  attacked.  The  disease  manifested  itself  by  the 
production  of  large,  dry,  cheesy  nodules  at  the  base  of  the  comb, 
about  the  eyes  and  angles  of  the  mouth,  and  on  the  larynx.  The 
necrotic  material  in  these  cases,  whether  examined  in  the  fresh  state 
or  in  stained  smears,  revealed  large  numbers  of  coccidial  schizonts. 
All  chickens  autopsied  showed  marked  evidences  of  intestinal 
coccidiosis,  while  some  presented  the  hepatic  form  recognized  as  the 
blackhead  disease. 

tuberculosis. 

Tuberculosis  has  lost  none  of  its  importance  to  the  people  of  the 
country,  and  recognizing  this  fact  the  Pathological  Division  has 
continued  its  investigations  into  questions  related  to  its  diagnosis  and 
eradication. 

One  of  the  most  important  branches  of  this  work  has  been  con- 
cerned with  the  production  of  immunity  in  cattle.  It  is  very  evident 
that  the  power  to  immunize  cattle  safely  against  all  tuberculous 
attacks  would  afford  the  greatest  possible  assistance  wherever  at- 
tempts were  made  to  eradicate  the  disease,  as  all  of  the  healthy 
animals  could  receive  immunizing  treatment  and  the  diseased  por- 
tion of  the  herd  could  be  destroyed  or  quarantined.  The  experiments 
necessary  for  the  establislunent  of  any  satisfactory  conclusions  in  a 
study  of  this  character  must  extend  over  a  long  period  of  time,  and 
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tests  must  be  made  upon  many  animals  of  different  ages  and  condi- 
tions before  any  definite  conclusions  can  be  reached.  While  no 
method  of  vaccination  has  yet  been  devised  whereby  cattle  may  be 
fortified  against  attacks  of  tubercular  infection  under  all  circum- 
stances, still  it  has  been  shown  by  the  cooperative  investigations  of  the 
Experiment  Station  and  the  Pathological  Division  that  their  re- 
sistance may  be  materially  increased  by  means  of  suitable  inocu- 
lations. 

In  some  of  the  rare  cases  in  which  cattle  giving  a  reaction  to  tuber- 
culin did  not  disclose  any  macroscopic  lesions  of  tuberculosis  when 
submitted  to  post-mortem  examination,  glands  from  the  cattle  in 
question  have  been  sent  to  this  laboratory  and  tested  by  microscopic 
examinations  or  animal  inoculations  so  as  to  determine  the  presence 
or  absence  of  tubercle  bacilli.  In  more  than  half  of  such  examina- 
tions tubercle  bacilli  have  been  positively  identified  when  the  tissues 
have  been  closely  examined  by  laboratory  methods,  thus  showing 
that  tuberculosis  was  really  present  in  these  carcasses,  but  in  the 
most  incipient  form.  This  also  shows  that  the  diagnoses  given  by 
tuberculin  are  in  reality  even  more  accurate  than  is  indicated  by 
ordinary  post-mortem  examinations  of  reacting  animals. 

EXAMINATION  OF  MILK. 

The  question  of  the  presence  of  tubercle  bacilli  in  market  milk  has 
also  received  careful  attention.  Milk  from  the  cities  of  Chicago, 
Philadelphia,  and  Washington  has  been  examined  at  the  laboratories 
of  the  bureau  in  each  of  the  above-named  cities  for  the  purpose  of 
determining  what  percentage  of  the  samples  tested  contained  viru- 
lent tubercle  bacilli.  The  general  bacterial  content  of  these  samples 
was  also  ascertained. 

In  Chicago  the  work  of  testing  milk  has  been  carried  on  in  co- 
operation with  the  city  department  of  health.  Up  to  the  end  of  the 
fiscal  year  173  samples  of  raw  milk^  44  samples  of  pasteurized  milk, 
and  10  samples  of  certified  milk  had  been  submitted  to  examination. 
No  deductions  have  yet  been  made  relative  to  the  presence  of  tubercle 
bacilli  in  the  pasteurized  or  certified  samples,  as  the  inoculation  tests 
have  not  yet  been  concluded. 

Two  hundred  laboratory  animals  were  inoculated  with  raw  milk, 
one  animal  being  used  for  each  sample  of  milk.  A  mixture  of  cream 
and  sediment  from  the  bottom  of  the  centrifugalizing  tubes  was  in- 
oculated subcutan^ously  in  each  case.  One  case  of  tuberculosis  was 
found,  and  this  sample  was  traced  to  the  farm  where  the  milk  was 
produced.  Twenty-six  cows  were  furnishing  the  milk  from  this 
place.  By  consent  of  the  owner  the  tuberculin  test  was  applied  to  all 
of  these  cows,  and  three  of  them  gave  a  positive  reaction  fo** 
tuberculosis. 
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At  the  Philadelphia  laboratory  150  samples  of  raw,  pasteurized, 
and  supposedly  pasteurized  milk,  purchased  from  various  milk  stores 
in  approximately  all  parts  of  the  city,  were  tested.  The  samples 
collected  were  placed  in  sterile  bottles  and  brought  immediately  to 
the  laboratory.  A  microscopic  examination  and  animal  inoculations 
were  made  from  each  sample.  Three  guinea  pigs  were  inoculated 
subcutaneously  from  each  sample,  one  receiving  cream,  one  sediment, 
and  the  other  a  mixture  of  cream  and  sediment.  All  animals  were 
kept  under  observation  for  two  months  after  inoculation,  and  at  the 
expiration  of  this  time  a  careful  autopsy  was  made  upon  each  animal. 
The  autopsies  showed  that  20  of  the  samples,  or  13.3  per  cent,  con- 
tained active  germs  of  tuberculosis.  Microscopic  examinations  were 
in  all  cases  negative  or  indefinite.  The  examination  of  the  different 
parts  of  each  sample  showed  that  the  cream  contained  a  larger  per- 
centage of  tubercle  bacilli  than  the  sediment.  An  examination  of 
each  sample  was  also  made  for  the  percentage  of  fat,  acid,  total 
solids,  the  specific  gravity,  and  leucocytic  and  bacterial  content. 
These  examinations  showed  that  much  of  the  milk  was  of  a  poor 
quality. 

In  the  city  of  Washington  the.  previous  work  of  the  Pathological 
Division,  showed  2  samples  of  tuberculous  milk  out  of  73  specimens 
examined.  During  the  past  year  examinations  were  mainly  limited 
to  samples  from  milk  sold  by  dealers  who  claimed  that  the  product 
was  pasteurized,  or  that  it  had  been  obtained  from  cows  that  had 
passed  the  tuberculin  test  without  giving  any  evidence  of  tuberculous 
infection.  Of  about  40  samples  only  one  was  found  which  contained 
living  tubercle  bacilli,  and  this  milk  came  from  an  untested  herd 
outside  the  District  of  Columbia.  This  result  was  very  gratifying  in 
view  of  the  large  amount  of  work  recently  done  in  testing  with  tuber- 
culin the  cows  in  the  District  of  Columbia  as  well  as  the  many  large 
herds  outside  of  the  District  limits  whose  milk  is  sold  to  consumers 
in  Washington.  These  samples  of  milk  were  also  examined  for  the 
number  of  leucocytes  and  bacteria,  and  in  this  regard  a  very  satis- 
factory showing  was  also  made. 


On  several  occasions  recently  the  bureau's  attention  has  been  di- 
rected to  the  practice  of  certain  butchers  of  placing  on  the  market 
as  edible  veal  the  flesh  of  immature  calves.  In  view  of  this  practice 
it  is  considered  very  important  that  more  definite  information  be 
obtained  relative  to  the  age  at  which  calves  may  be  properly  slaugh- 
tered for  veal.  Investigations  have  therefore  been  started  for  the 
purpose  of  testing  the  flesh  of  calves  of  various  ages  to  see  if  any 
harmful  properties  are  present ;  also  to  establish  the  degree  in  which 
its  tissues  are  deficient  in  nutritive  value. 
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INVESTIGATIONS  OF  CXXTrONSEED  MEAL. 

Laboratory  work  has  demonstrated  the  presence  of  pyrophosphoric 
acid  in  certain  cottonseed  meals,  and  feeding  experiments  with  a 
simple  combination  of  this  acid,  such  as  sodimn  pyrophosphate,  have 
shown  that  an  amount  of  this  salt  which  would  correspond  to  even 
less  than  would  be  present  in  1  pound  of  the  meal  will,*  if  given  daily, 
induce  in  pigs  symptoms  closely  resembling  those  seen  after  feeding 
cottonseed  meal  that  has  been  made  from  the  seeds  of  certain  varie- 
ties of  cotton  plants.  The  pathological  lesions  thus  obtained  resem- 
ble very  closely  those  seen  after  similar  feeding  with  such  meals. 
There  were  only  slight  quantitative  differences.  No  doubt  the  base 
with  which  this  acid  is  combined  in  the  meal  may  contribute  some- 
what to  this  injurious  action. 

From  the  findings  of  laboratory  investigation  it  seems  that  cotton 
seeds  vary  much  in  their  toxicity.  Some  are  practically  nontoxic 
in  their  character,  but  if  during  the  manufacture  of  meal  from  the 
seeds  a  high  temperature  is  applied  to  them  a  poisonous  principle 
may  develop.  Work  is  in  progress  on  the  identification  of  the  bases 
with  which  pyrophosphoric  acid  is  combined.  It  is  important  that 
certain  features  of  this  work  be  repeated  imder  factory  conditions. 

THB  BIOCHBMIC  DIVISION. 

The  Biochemic  Division,  of  which  Dr.  M.  Dorset  is  the  chief,  has 
been  engaged  during  the  year  chiefly  in  the  laboratory  work  incident 
to  the  meat  inspection,  in  laboratory  research  work  relating  to  meat 
products,  in  investigations  concerning  hog  cholera,  in  making  tests  of 
stock  dips,  and  in  preparing  and  distributing  tuberculin  and  mallein. 

LABORATORY  MEAT  INSPECTION. 

The  laboratory  meat  inspection  during  the  past  year  has  been 
carried  out  along  the  same  general  lines  that  were  followed  pre- 
viously, though  the  organization  of  the  work  has  been  improved, 
and  the  various  meat-inspection  laboratories  have  been  assigned  defi- 
nite territory,  which  they  are  expected  to  cover,  examining  samples 
of  all  products  at  reasonable  intervals. 

During  the  fiscal  year  a  total  of  19,580  samples  were  examined  by 
the  laboratories.  These  samples  consisted  of  meat  food  products, 
salt,  spices,  condiments,  colors,  and  substances  used  in  the  prepara- 
tion of  meats  and  meat  products.  Approximately  80  per  cent  of  these 
samples  were  from  establishments  at  which  inspection  is  maintained, 
the  remainder  being  from  establishments  operating  under  certificates 
of  exemption. 

The  results  of  the  year's  work  show  that  the  use  of  prohibited 
preservatives  has  been  practically  discontinued  in  inspected  establish- 
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ments.  Certainly  is  this  true  in  the  case  of  the  larger  establishments. 
Boric  acid  was  found  in  only  8  samples  (sausages),  no  other  pre- 
servative being  used. 

In  regard  to  the  adulteration  of  meat  food  products  from  inspected 
establishments,  it  has  been  found  that  a  considerable  percentage  of 
sausages  contained  cereal  without  this  fact  being  stated  on  the  label. 
In  many  instances  this  is  due  to  ignorante  of  the  packer  who  uses  a 
proprietary  seasoning  mixture  which  frequently  consists  largely  of 
some  cereal  flour.  In  the  case  of  fats  and  oils,  the  lards  are  prac- 
tically the  only  products  which  were  found  to  be  adulterated,  and 
these  cases  of  adulteration  were  extremely  rare.  In  such  instances 
the  adulteration  sometimes  consisted  simply  in  the  presence  of  a 
minute  amount  of  cottonseed  oil  (less  than  1  per  cent),  this  arising 
in  many  cases  from  the  use  of  the  same  pipes  and  equipment  for 
preparing  lard  and  lard  substitutes,  the  latter  normally  containing 
cottonseed  oil. 

The  laboratories  have  examined  a  large  number  of  coloring  mate- 
rials offered  for  use  in  coloring  sausage  casings  and  rendered  fats. 
The  great  majority  of  coloring  materials  offered  in  this  way  have 
been  rejected  on  account  of  the  presence  of  arsenic,  it  having  been 
decided  that  no  coloring  matter  should  be  used  on  meat  food  products 
which  contained  more  arsenic  than  1  part  in  700,000  of  the  coloring 
substance. 

A  number  of  inspections  have  been  made  of  meat  food  products  in 
order  to  determine  their  wholesomeness.  This  examination  applied 
mainly  to  the  rancidity  of  fats  and  oils  and  to  the  wholesomeness  of 
certain  suspected  samples  of  canned  meats.  Inspectors  have  been  in- 
structed that  in  all  cases  "  blown  "  or  "  puffed  "  cans  of  meat  food 
products  should  be  condemned,  the  puffing  of  the  cans  being  due  in  all 
cases  to  the  development  of  bacteria  within  the  can  after  the  process 
of  canning  was  completed. 

During  the  fiscal  year  115  sanitary  examinations  of  packing-house 
water  supplies  have  been  made.  The  results  of  these  examinations 
have  been  to  prohibit  the  use  in  or  on  meats  or  meat  food  products  of 
15  w^ater  supplies  which  were  found  to  be  of  questionable  whole- 
someness. 

research  work  on  meat  products. 

The  reseaVch  work  in  connection  with  the  laboratory  meat  inspec- 
tion has  consisted  in  part  of  the  study  of  existing  methods  of  analy- 
sis, in  order  that  these  might  be  improved  where  possible  and  that  the 
effect  of  interfering  factors  might  be  more  thoroughly  understood. 
In  addition,  a  number  of  questions  arising  in  connection  with  the 
enforcement  of  the  meat-inspection  law  have  been  given  special  study. 

A  general  study  has  been  made  of  the  rancidity  of  fats  and  the 
changes  which  accompany  the  development  of  this  condition.     The 
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general  work  is  far  from  completed,  but  opportunity  has  been  af- 
forded for  a  study  of  the  effect  of  rancidity  on  various  routine  tests 
which  are  applied  to  fats  in  the  course  of  a  laboratory  inspection. 
The  Kreis  test  for  rancidity  has  been  studied  considerably,  and  it  has 
been  found  that  it  is  a  reliable  indicator  of  rancidity,  but  so  exceed- 
ingly delicate  that  a  certain  amount  of  caution  and  judgment  must 
be  used  in  drawing  conclusions  from  it.  The  Halphen  test  for  cotton- 
seed oil  has  been  found  to  be  weakened  and  the  iodin  number  of  fats 
reduced  by  the  development  of  rancidity,  thus  confirming  previous 
observations.  The  effect  of  rancidity  on  the  percentage  of  free  fatty 
acids  appears  to  be  in  the  nature  of  a  reduction  at  first,  and  later, 
after  the  fat  has  become  strongly  rancid,  the  proportion  of  free  fatty 
acid  increases.  The  phytosterol  test  is  rendered  unreliable  by  the 
development  of  rancidity. 

Soy-bean  oil  is  now  being  used  in  the  preparation  of  meat  food 
products,  especially  oleomargarin.  A  study  of  the  pure  oil  has  been 
undertaken,  but  is  not  yet  completed.  Enough  has  been  accom- 
plished, however,  to  enable  the  laboratories  to  deal  with  any  attempt 
to  use  this  oil  as  an  adulterant.  Considerable  study  has  also  been 
given  to  the  coloring  matter  contained  in  the  soy-bean  oil.  The  col- 
oring matter  has  been  separated  from  the  oil  and  a  study  made  of  its 
chemical  properties. 

A  thorough  chemical  study  of  the  fat  of  hogs  fed  upon  cottonseed 
meal  has  been  made  and  a  report  is  being  prepared  for  publication. 
The  general  results  of  the  work  showed  that  the  fat  of  hogs  fed  on 
large  quantities  of  cottonseed  meal  is  abnormally  soft  and  abnor- 
mally rich  in  the  glycerids  of  the  unsaturated  fatty  acids.  In  confir- 
mation of  work  carried  out  by  previous  investigators  the  fat  4)f  these 
hogs  was  found  to  give  the  Halphen  and  Becchi  tests  for  cottonseed 
oil,  but  it  does  not  contain  phytosterol,  thus  permitting  ready  distinc- 
tion between  the  fat  of  this  character  and  fat  to  which  cottonseed  oil 
has  been  added. 

The  investigations  concerning  meat  extracts,  referred  to  in  my 
report  for  the  previous  year,  have  been  continued  and  have  resulted 
in  the  adoption  of  definite  rules  governing  the  preparation  of  meat 
extracts  at  establishments  at  which  Federal  inspection  is  maintained. 

An  investigation  of  the  action  of  fats  and  oils  on  metals  was  under- 
taken primarily  in  order  to  determine  the  effect  of  fats  and  oils  on 
galvanized  iron,  which  has  been  in  the  past  used  extensively  for  con- 
structing containers  for  lards  and  lard  substitutes  and  has  also  been 
used  for  lining  oleo  seeding  trucks  and  for  making  baker's  drums  and 
sunilar  metallic  receptacles.  As  a  result  of  this  investigation  it  was 
found  that  practically  all  metals,  zinc  in  particular,  are  attacked  by 
fats  and  oils,  and  the  use  of  zinc-coated  vessels  as  permanent  con- 
tainers for  meat  or  meat  food  products  in  establishments  operating 
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under  Federal  inspection  has  been  prohibited.  The  results  of  this 
study  have  been  prepared  for  publication  in  the  Twenty-sixth  Annual 
Report  of  the  bureau.  This  study  is  being  extended  to  include  the 
effect  of  meat  food  products  in  general  upon  metallic  containers.  An 
investigation  of  solders  and  fluxes  now  used  in  the  manufacture  and 
sealing  of  metallic  containers  for  meat  food  products,  together  with  a 
study  of  the  paints  used  for  coating  cans,  is  now  under  way. 

In  view  of  the  large  number  of  permitted  coal-tar  colors  offered 
for  use  in.  coloring  the  casings  of  sausages,  it  has  been  necessary  to 
secure  a  satisfactory  method  for  estimating  any  poisonous  ingredients 
in  these  colors.  It  has  been  found  that  arsenic  is  practically  the  only 
poisonous  substance  which  may  contaminate  these  colors,  provided 
the  colors  themselves  are  pure.  An  extensive  examination  of  this 
question  has  resulted  in  the  adoption  of  a  modified  Gutzeit  test  which 
has  enabled  the  analyst  to  determine  the  arsenic  with  a  satisfactory 
degree  of  accuracy. 

In  my  last  report  it  was  mentioned  that  the  cause  of  the  souring  of 
meats  during  curing  was  being  studied.  This  work  has  been  com- 
pleted and  a  report  of  it  prepared  for  publication.  The  investigations 
have  shown  that  the  souring  of  meat  is  due  to  the  action  of  a  specific 
spore-bearing  organism  which  is  properly  classified  among  the  so- 
called  anaerobic  putrefactive  bacteria.  In  the  paper  which  is  to  be 
published  a  description  of  this  organism  is  given  and  suggestions  are 
made  which  it  is  hoped  will  lead  to  a  diminution  of  the  percentage  of 
sour  meats  heretofore  occurring  in  inspected  establishments. 

An  investigation  to  determine  the  effect  of  prolonged  storage  on 
canned  meats  was  begun  during  the  fiscal  year.  A  large  number  of 
cans  of  corned  beef,  roast  beef,  and  lunch  tongue  were  prepared  at  one 
of  the  large  packing  establishments.  A  chemical,  histological,  and 
bacteriological  study  of  certain  of  these  cans  was  made  shortly  after 
preparation,  and  the  remainder  are  being  held  for  examination  after 
the  lapse  of  different  intervals  of  time.  It  is  hoped  by  this  study  to 
determine  whether  or  not  any  undesirable  change  takes  place  in 
canned  meats  after  the  lapse  of  a  number  of  years. 

During  the  past  fiscal  year  the  cooperation  of  the  Biological  Survey 
of  the  department  was  secured  in  a  study  of  the  problem  of  ridding 
packing  houses  of  rats,  and  an  expert  of  that  bureau  visited  a  num- 
ber of  large  establishments  at  National  Stock  Yards  and  Chicago,  HI. 
A  report  of  his  investigation  has  been  used  as  a  basis  for  instructions 
to  inspectors  as  to  measures  to  be  adopted  to  destroy  and  exclude  rats. 

BRANDING  INK. 

A  systematic  effort  has  been  made  during  the  year  tx)  improve  the 
branding  of  inspected  meats.  A  study  of  branding  meats  has  been 
made  at  a  large  number  of  the  meat-inspection  stations,  and  the  result 
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has  been  to  increase  materially  the  eflSciency  of  the  marking.  During 
the  year  4,137  gallons  of  branding  ink  prepared  by  the  Biochemic 
Division  were  shipped  to  inspectors  in  charge  of  meat  inspection. 
The  total  cost  of  the  ink,  including  matierials,  labor,  and  containers 
for  shipment,  was  $2,373.50. 

DIPS  AND  DISINFECTANTS. 

The  work  on  dips  and  disinfectants  during  the  past  year  has  con- 
sisted of  (1)  routine  examination  of  substances  used  or  oflfered  for  use 
in  official  dipping,  and  (2)  special  or  research  work. 

The  routine  work  has  consisted  in  the  examination  of  samples  sub- 
mitted by  manufacturers,  in  the  examination  of  samples  of  permitted 
dips  which  have  been  sent  in  by  field  inspectors,  and  in  the  examina- 
tion of  samples  of  disinfectants  for  the  general  supply  committee  for 
Grovemment  departments  located  in  Washington.  A  comparatively 
small  number  of  samples  of  new  preparations  offered  for  use  in  official 
dippings  have  been  submitted  by  manufacturers  during  the  year. 

Laboratory  experiments  in  the  preparation  of  a  concentrated  arsen- 
ical dip  for  the  use  of  the  bureau  employees  in  the  work  of  tick 
eradication  resulted  in  securing  a  dip  which  possessed  the  necessary 
qualities  in  so  far  as  the  solution  itself  was  concerned,  and  larger 
quantities  were  sent  to  the  field  for  trial.  These  field  experiments 
are  not  completed,  but  the  indications  are  that  the  preparation  will 
be  satisfactory. 

A  chemical  and  bacteriological  study  of  phenolic  disinfectants, 
begun  during  the  previous  year,  has  been  continued,  but  is  not  yet 
completed,  although  decided  progress  has  been  made. 

Several  cases  of  injury  to  sheep  following  dipping  in  coal-tar 
creosote  and  cresol  dips  were  reported  during  the  year,  and  as  the 
cause  of  the  injuries  was  not  apparent  from  the  reports  received,  a 
special  detail  of  a  veterinarian  and  a  chemist  was  made  to  investigate 
the  cases  of  injury  and  study  the  question  at  dipping  centers  where 
losses  had  occurred.  The  results  of  this  investigation  indicate  that 
loss  after  dipping  is  usually  caused  by  the  combined  action  of  a  num- 
ber of  different  influences,  such  as  the  condition  of  the  sheep,  the  dip, 
and  the  handling  of  the  sheep  after  dipping.  If  the  sheep  are  un- 
thrifty and  weak,  either  as  a  result  of  poor  feed  or  hardship  during 
shipment,  they  may  not  be  able  to  stand  dipping  in  a  solution  which 
would  be  entirely  without  effect  on  perfectly  strong  and  healthy  ani- 
mals. If  the  dip  is  imperfectly  mixed,  if  it  is  prepared  in  such  a  way 
that  it  tends  to  separate  or  "  break,''  if  it  is  too  warm,  or  if  the  sheep 
are  kept  in  too  long,  injury  may  result.  Generally,  however,  these 
factors  will  not  cause  serious  loss  in  healthy  sheep  unless  there  is  a 
marked  "break"  or  separation  of  the  dip,  in  which  case  there  is  a 
separation  and  concentration  of  the  irritating  part  of  the  dip.    If  the 
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sheep  have  been  driven  long  distances,  or  subjected  to  physical  hard- 
ships, loss  is  more  apt  to  follow  than  in  those  which  have  not  been 
subjected  to  such  treatment.  The  above  facts  lead  inevitably  to  the 
conclusion  that  in  dipping  sheep  it  is  essential  to  perform  all  opera- 
tions with  extreme  care  and  accuracy. 

HOG   CHOI4ERA. 

The  work  in  connection  with  hog  cholera  has  been  along  the  same 
lines  as  those  pursued  during  the  preceding  year,  the  efforts  of  the 
bureau  being  directed  chiefly  toward  assisting  State  oflScials  in  begin- 
ning the  work  of  producing  serum  for  immunizing  hogs  against 
hog  cholera  according  to  the  method  successfully  developed  by  the 
bureau.  This  has  been  done  through  advice  by  letter  and  by  ex- 
plaining to  State  representatives  personally  at  the  bureau's  experi- 
ment farm  at  Ames,  Iowa,  the  methods  of  producing  the  serum  and 
in  furnishing  a  limited  amount  of  serum  and  a  few  immune  hogs  to 
States  that  were  just  starting  the  work.  In  addition,  a  limited  num- 
ber of  practical  demonstrations  have  been  carried  out  successfully  in 
Maryland,  Virginia,  Illinois,  Missouri,  Iowa,  Kansas,  Kentucky,  and 
Tennessee.  Most  of  these  demonstration  experiments  consisted  in 
treating  a  part  of  a  diseased  herd  and  leaving  the  remainder  un- 
treated. At  Kansas  City,  Mo.,  however,  a  more  thorough  test  was 
carried  out,  the  results  of  which  were  so  interasting  and  demon- 
strated so  conchisively  the  efficiency  of  the  serum  as  a  preventive  for 
hog  cholera  that  an  outline  of  it  seems  desirable. 

The  test  was  made  in  the  stock  yards  at  Kansas  City,  upon  the 
request  of  the  Kansas  City  Live-Stock  Exchange  and  of  individuals 
interested  in  this  subject.  Thirty-five  young  shoats  were  purchased 
from  a  farm  where  hog  cholera  had  not  existed.  These  pigs,  having 
been  carried  to  the  Kansas  City  stock  yards,  and  being  in  charge  of  a 
committee  appointed  by  the  exchange,  -were  treated  as  follows: 
Twenty-two  were  injected  with  antihog-cholera  serum  prepared  by 
the  bureau.  Four  were  injected  with  virulent  hog-cholera  blood. 
Nine  were  not  treated  in  any  manner.  All  were  placed  in  a  pen 
together.  As  was  expected,  the  4  pigs  inoculated  with  the  virulent 
blood  contracted  hog  cholera  within  a  short  time  and  all  died.  The 
9  "checks"  contracted  hog  cholera  from  those  which  were  inocu- 
lated with  hog-cholera  blood,  and  they  also  died.  The  22  pigs 
treated  with  the  serum  remained  well,  with  the  exception  of  one  or 
two,  which  were  slightly  affected  on  one  or  two  days.  It  is  not 
certain,  however,  that  the  trouble  with  the  immune  hogs  was  hog 
cholera,  as  none  died.  All  of  the  autopsies  on  the  check  animals 
showed  typical  lesions  of  hog  cholera.  No  more  convincing  proof  of 
tlic  efficacy  of  this  serum  could  be  obtained  than  is  afforded  by  this 
experiment. 
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A  considerable  amount  of  experimental  work  concerning  hog 
cholera  has  been  carried  out  as  opportunity  offered.  In  the  previous 
annual  report  it  was  stated  that  carbolic  acid,  even  in  considerable 
concentration,  did  not  destroy  the  virulence  of  hog-cholera  blood, 
although  it  was  sufficient  to  destroy  the  ordinary  forms  of  bacteria 
which  are  at  times  present  in  such  blood  as  contaminations.  It  was 
considered  desirable  to  eliminate  these  foreign  bacteria  in  blood  to  be 
used  for  inoculation  simultaneously  with  the  serum,  and  experiments 
were  carried  out  with  that  idea  in  view.  The  experiments  showed 
that  it  was  perfectly  feasible  to  protect  hogs  completely  from  hog 
cholera,  probably  for  life,  by  injecting  them  simultaneously  with 
carbolized  hog-cholera  blood  and  antihog-cholera  serum.  It  is  be- 
lieved that  the  use  of  carbolized  hog-cholera  blood  in  connection  with 
the  serum  will  be  of  distinct  advantage  when  simultaneous  inocula- 
tions are  carried  out. 

Experiments  have  shown  that  the  virus  of  hog  cholera  is  not  de- 
stroyed by  a  2  per  cent  solution  of  carbolic  acid,  even  after  contact 
with  the  disinfectant  for  two  weeks.  The  practical  effect  of  this  is 
to  indicate  that  carbolic  acid  should  not  be  used  as  a  disinfectant  in 
the  outbreaks  of  hog  cholera,  but  should  be  replaced  by  "liquor 
cresolis  compositus"  (U.  S.  P.)  in  a  3  per  cent  solution. 

The  Kansas  State  Agricultural  Experiment  Station  has  published 
bulletins  indicating  that  it  had  used  with  some  success  as  a  vaccinat- 
ing  agent  blood  from  a  horse  which  had  been  injected  with  hog- 
cholera  blood,  it  being  supposed  that  the  residence  of  the  virus  of  hog 
cholera  in  the  body  of  the  horse  brought  an  attenuation  of  the  virus, 
and  that  the  inoculation  with  this  horse  blood,  drawn  at  a  given 
time  after  inoculation,  conferred  an  active  immunity  upon  the  in- 
jected hog.  The  bureau  undertook  to  test  this  point,  and  while  our 
experiments  have  been  carried  out  with  only  one  horse,  the  results 
were  entirely  negative,  and  it  w^as  not  considered  that  we  were  war- 
ranted in  pursuing  this  line  of  experiment  further.  We  have  like- 
wise failed  to  procure  a  potent  serum  by  injecting  horses  with  blood 
taken  from  hogs  sick  of  hog  cholera. 

Efforts  to  determine  the  nature  of  the  pathogenic  agent  present  in 
the  blood  of  sick  hogs  and  responsible  for  hog  cholera  have  been  con- 
tinued, but  no  positive  conclusions  have  been  reached. 

TUBERCULIN  AND  MALLEIN. 

Tuberculin  for  the  diagnosis  of  tuberculosis  in  cattle  was  prepared 
and  sent  out  during  the  fiscal  year  to  the  amount  of  349,272  doses,  an 
increase  of  more  than  38  per  cent  over  the  amount  distributed  the 
year  previous.  This  is  undoubtedly  due  to  the  increased  interest 
which  health  officials  are  showing  in  the  subject  of  tuberculosis,  and 
also  to  their  recognition  of  the  fact  that  the  tuberculous  cow  is  a  seri- 
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ous  menace  to  public  health.    The  tuberculin  was  distributed  to  State, 
county,  and  municipal  officials. 

Mallein  to  the  amount  of  73,346  doses,  for  the  diagnosis  of  glanders 
in  horses,  was  also  prepared  and  distributed. 

THE  ZOOLOGICAL  DIVISION. 

The  Zoological  Division,  of  which  Dr.  B.  H.  Ransom  is  the  chief, 
has  continued  the  investigation  of  animal  diseases  of  parasitic  origin 
and  the  study,  collection,  and  determination  of  animal  parasites. 

ROUNDWORMS  IN  SHEEP. 

The  investigations  relative  to  stomach  worms  and  other  round- 
worms parasitic  in  sheep  have  been  continued.  No  new  facts  of  im- 
portance bearing  on  the  life  history  of  these  parasites,  their  preven- 
tion or  treatment,  have  been  discovered. 

A  zoological  study  of  all  the  roundworms  parasitic  in  the  ali- 
mentary tract  of  ruminants  has  been  completed  and  prepared  for 
publication.  Including  newly  discovered  species,  the  different  kinds 
of  roundworms  occurring  parasitic  in  the  alimentary  tract  of  rumi- 
nants are  about  50  in  number,  and  33  of  these  have  been  found  in  the 
United  States. 

OID  IN  SHEEP. 

The  first  part  of  a  comprehensive  study  of  the  gid  disease  of  sheep 
and  the  parasite  which  causes  it  has  been  completed  and  the  manu- 
script sent  to  the  printer.  Except  for  rare  cases  the  disease  as  yet 
appears  to  be  limited  to  the  State  of  Montana,  and  it  is  enzootic  only 
in  the  northern  half  of  that  State. 

A  common  opinion  that  dogs  do  not  eat  the  brains  of  sheep  because 
of  inability  to  break  through  the  skull,  and  hence  that  the  infection 
of  dogs  could  not  come  from  eating  the  brains  of  infested  sheep,  was 
proved  by  experiment  to  be  incorrect.  It  was  found  that  dogs  of  the 
size  of  an  ordinary  sheep  dog  readily  extract  the  brain  from  sheep 
skulls,  and  also  that  they  may  in  some  cases  devour  nearly  the  entire 
bony  part  of  the  skull.  A  report  of  these  experiments  is  given  in 
bureau  Circular  159. 

SHEEP  SCAB. 

A  compilation  of  reports  made  by  bureau  inspectors  as  to  the 
results  of  dipping  sheep  under  Federal  supervision  during  the  calen- 
dar year  1909  indicates  that  lime-and-sulphur  and  tobacco-and-sul- 
phur  dips  were  much  more  efficacious  than  coal-tar  creosote  and 
cresol  dips.  These  results  are  similar  to  those  obtained  from  a  com- 
pilation of  the  reports  by  sheep  owners  of  dippings  done  during  the 
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calendar  year  1908.  In  both  instances,  however,  the  number  of  dip- 
pings in  coal-tar  creosote  and  cresol  dips  of  which  reports  were  re- 
ceived was  rather  small,  so  that  it  would  perhaps  be  unfair  to  con- 
clude that  these  classes  of  dips  are  generally  less  efficacious  than 
linae-and-sulphur  and  tobacco-and-sulphur  dips.  Nevertheless  the 
reports  suggest  that  the  opinion  that  the  former  classes  of  dips  are 
less  reliable  than  the  latter  as  remedies  for  sheep  scab  is  not  without 
foundation. 

In  cooperation  with  the  Kentucky  Agricultural  Experiment  Sta- 
tion a  series  of  experiments  in  the  treatment  of  sheep  scab  with  to- 
bacco dips  was  carried  out,  in  order  to  obtain  information  as  to  the 
effect  of  the  omission  of  sulphur  upon  the  efficacy  of  these  dips. 
These  experiments  showed  that  tobacco  dips  without  sulphur  will 
cure  sheep  scab.  Whether  sulphur  may  safely  be  omitted  in  actual 
practice  remains  to  be  determined. 

CATTLE  MANGE. 

Two  series  of  experiments  in  the  treatment  of  cattle  mange  by 
means  of  a  single  application  of  a  kerosene-soap  preparation  were 
conducted  under  the  immediate  direction  of  Dr.  W.  E.  Howe,  of  this 
bureau.  The  dip  was  apparently  successful  in  one  series.  In  the 
other  series  it  failed  to  cure  all  of  the  cattle  in  the  experiments.  It 
is  planned  to  try  the  dip  again  during  the  coming  year,  using  a 
higher  percentage  of  kerosene. 

Observations  were  made  in  Texas  indicating  that  two  dippings  in 
an  arsenical  dip  containing  an  equivalent  of  about  8  pounds  of  arsenic 
trioxid  to  500  gallons  of  dip  are  insufficient  for  the  cure  of  cattle 
mange. 

IN\T:8TIGATI0N8    relative    to    tick    ERADICATION. 

A  bulletin  including  the  results  of  two  years'  investigations  rela- 
tive to  the  life  history  of  the  cattle  tick  and  other  points  bearing  on 
tick  eradication,  which  were  conducted  in  cooperation  with  the  vet- 
erinary department  of  the  Alabama  Polytechnic  Institute,  has  been 
prepared  for  publication. 

Farmers'  Bulletin  378,  on  "  Methods  of  Exterminating  the  Cattle 
Tick,"  was  issued  during  the  year. 

A  bulletin  including  the  results  of  several  years'  investigations  of 
arsenical  dips  as  remedies  for  cattle  ticks  has  been  prepared.  In  this 
bulletin  it  is  shown  that  an  arsenical  dip  containing  an  equivalent  of 
10  pounds  of  arsenic  trioxid,  25  pounds  of  sal  soda,  and  1  gallon  of 
pine  tar  to  each  500  gallons  of  dip  may  be  effectively  used  to  free 
cattle  from  ticks,  provided  two  dippings  are  given  at  an  interval  of 
from  7  to  10  days. 
8693**— 11 7 
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An  investigation  of  a  proprietary  arsenical  dip  containing  on  dilu- 
tion an  equivalent  of  about  8  pounds  of  arsenic  trioxid  to  each  500 
gallons  showed  that  cattle  could  be  almost  entirely  freed  from  ticks 
by  two  dippings  at  an  interval  of  10  days. 

In  April,  1910,  under  supervision  of  an  inspector  of  this  bureau, 
about  2,000  cattle  were  dipped  twice  at  an  interval  of  7  to  10 
days  in  an  arsenic,  soda,  and  pine-tar  mixture,  containing  an  equiva- 
lent of  10  pounds  of  arsenic  trioxid  to  each  500  gallons  of  dip.  Two 
days  after  the  second  dipping  a  few  of  these  cattle  were  found  to  be 
still  infested  with  ticks.  An  investigation  of  this  dipping  was  made. 
The  failure  to  free  the  cattle  entirely  from  ticks  may  be  explained  as 
probably  due  to  the  fact  that  the  cattle  were  dipped  in  a  short  vat. 
Many  of  the  cattle  had  not  shed  their  winter  coats  of  hair,  and  a 
thorough  wetting  of  the  body  was  not  insured  in  passing  through 
the  bath  on  account  of  the  shortness  of  the  vat ;  hence  it  is  not  cer- 
tain that  all  of  the  ticks  with  which  they  were  infested  were  exposed 
to  the  action  of  the  dip.  In  the  light  of  this  experience  it  is  consid- 
ered advisable  that  vats  less  than  40  feet  in  length  at  the  surface  of 
the  dip  should  not  be  used  for  dipping  cattle  in  arsenical  dips. 

Experiments  are  now  in  progress,  under  the  immediate  direction  of 
Dr.  E.  M.  Nighbert,  of  this  bureau,  with  an  arsenical  dip  prepared 
in  concentrated  form  by  the  Biochemic  Division.  A  preliminary 
report  indicates  that  this  dip  will  prove  satisfactory  in  the  treatment 
of  cattle  for  ticks,  but  a  definite  statement  as  to  its  efficacy  can  not 
be  made  at  this  time. 

INVESTIGATIONS  CONCERNING  PARASITIC  PROTOZOA. 

Bureau  Bulletin  119,  issued  during  the  year,  contains  the  results  of 
investigations  concerning  certain  constituents  of  normal  blood,  liable 
to  be  confused  with  parastic  organisms,  a  preliminary  report  on  a 
trypanosome  {Trypanosoma  arroericanum)  commonly  present  in 
American  cattle,  and  data  relative  to  certain  other  parasitic  protozoa. 

Investigations  relative  to  the  Texas-fever  organism  have  been  con- 
tinued. 

INDEX-CATALOGUE  OF  MEDICAL  AND  VETERINARY  ZOOLOGY. 

Parts  24,  25,  and  26  of  the  Index-Catalogue  of  Medical  and  Veteri- 
nary Zoology  have  been  issued  during  the  year.  This  catalogue  is 
being  prepared  under  cooperation  between  the  Zoological  Division 
of  this  bureau  and  the  Division  of  Zoology  of  the  Hygienic  Labora- 
tory of  the  United  States  Public  Health  and  Marine-Hospital  Serv- 
ice, the  Department  of  Agriculture  publishing  the  author  index  and 
the  Treasury  Department  the  subject  index.  Unless  unforseen  cir- 
cumstances prevent,  the  publication  of  the  author  index  will  be  com- 
pleted during  the  coming  year. 


Digitized  by  LjOOQ IC 


EEPORT  OF  THE   CHIEF   OF  THE  BUREAU.  99 

COLLECTION  OF  PABA6ITB8. 

Many  new  specimens  have  been  added  to  the  collection  of  parasites 
belonging  to  the  bureau. 

Numerous  autopsies  on  various  animals,  wild  and  domesticated, 
were  performed  during  the  year  for  the  purpose  of  determining  the 
presence  or  absence  of  parasitic  infestation  and  the  relation  of  the 
presence  of  parasites  to  the  cause  of  death. 

MISCELLANEOUS  WORK. 

A  disease  among  sheep  reported  from  North  Carolina  was  investi- 
gated and  found  to  be  due  to  roundworm  infestation  of  the  ali- 
mentary tract  and  lungs. 

Losses  among  a  herd  of  young  horses  in  Virginia  during  the  spring 
of  191()  were  investigated,  and  the  trouble  was  found  to  be  due 
apparently  to  a  heavy  infestation  with  lice  and  roundworms  and  to 
insufficient  food. 

The  usual  amount  of  correspondence  relative  to  parasitic  diseases 
and  the  identification  of  specimens  of  parasites  was  received  and 
replied  to. 

THE  EXPERIMENT  STATION. 

The  general  character  of  the  work  at  the  Bureau  Experiment 
Station  at  Bethesda,  Md.,  in  charge  of  Dr.  E.  C.  Schroeder,  superin- 
tendent, has  been  similar  during  the  past  fiscal  year  to  that  of  former 
years,  consisting  of  independent  investigations,  investigations  in 
cooperation  with  other  divisions  of  the  bureau,  and  the  provision  of 
facilities  for  the  other  divisions  to  make  investigations  of  a  kind  that 
require  farm  and  field  conditions  not  obtainable  within  the  limits  of 
the  city.  As  indicated  elsewhere,  the  new  Beltsville  farm  will  pro- 
vide facilities  for  experimental  work  in  animal  husbandry  and 
dairying,  and  the  work  at  Bethesda  will  probably  be  confined  here- 
after to  veterinary  investigations. 

TUBERCULOSIS  INVESTIGATIONS. 

The  most  important  investigations  made  during  the  past  year 
related  to  tuberculosis.  An  experiment  to  determine  the  value  of 
various  methods  of  immunizing  cattle  against  tuberculosis,  begun 
several  years  ago,  was  continued  and  is  now  about  complete.  It  was 
found  that  the  methods  of  so-called  bovo-vaccination,  devised  by 
Pearson  in  America  and  Von  Behring  in  Europe,  actually  confer  a 
considerable  degree  of  immunity  on  the  treated  animals;  not  an 
absolute  immunity,  but  an  undeniable  increased  resistance  to  infec- 
tion with  tuberculosis,  which  holds  out  great  hope  for  the  results 
that  may  be  obtained  with  investigations  in  the  future.    At  present, 
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however,  the  extensive  use  of  these  methods  for  conferring  immunity 
can  not  be  recommended,  as  our  knowledge  about  the  latency  of 
tubercle  bacilli  in  the  animal  body,  the  channels  through  which  the 
elimination  of  tubercle  bacilli  from  the  bodies  of  animals  into  which 
they  are  injected  for  protective  purposes  occurs,  etc.,  is  insufficient 
to  enable  us  to  draw  the  conclusion  that  the  practice  of  bovo- vaccina- 
tion is  free  from  danger  to  the  herds  to  which  it  is  applied,  and,  what 
is  of  greater  importance,  free  from  danger  for  the  persons  who  use 
the  products  derived  from  the  vaccinated  cattle.  As  living  tubercle 
bacilli  are  employed  in  all  the  systems  of  bovo- vaccination  which 
have,  as  far  as  they  have  been  tested  at  the  Experiment  Station,  given 
any  proof  that  they  are  capable  of  protecting  against  tuberculosis  in- 
fection, and  as  the  use  of  such  bacilli  can  not  be  regarded  as  free 
from  danger,  it  seems  .that  an  ideal  system  of  immunization  w^ould 
require  the  use  of  some  other  agent.  Some  preliminary  experiments 
on  a  small  scale  relative  to  the  protective  treatment  of  animals  against 
tuberculosis  without  the  use  of  living  tubercle  bacilli  have  been  made 
at  the  station,  and  this  subject  has  been  given  considerable  careful 
thought  and  study,  but  so  far  nothing  of  an  encouraging  nature  can 
be  reported. 

The  method  of  bovo-vaccination  devised  by  Prof.  J.  F.  Heymans, 
of  Belgium,  has  been  carefully  tested  with  both  cattle  and  hogs,  and 
has  been  found  to  be  wholly  without  value.  This  method,  to  judge 
from  the  claims  made  by  Prof.  Heymans,  has  given  excellent  re- 
sults in  his  own  country,  where  it  has  been  extensively  used.  These 
results  may  possibly  be  due  to  a  careful  supervision  of  the  herds  to 
which  the  treatment  was  applied  by  trained  veterinarians.  Such 
supervision  would  certainly,  in  the  first  place,  lead  to  improved 
hygienic  conditions  and  the  removal  of  all  advanced  or  clinical  cases 
of  tuberculosis  from  the  treated  herds,  and  clinical  cases  of  tubercu- 
losis are  the  most  important  source  for  the  spread  of  tuberculosis 
among  cattle,  even  though  apparently  healthy  tuberculous  cattle 
scatter  tubercle  bacilli  quite  freely. 

Investigations  have  been  made  to  determine  how  much  danger 
there  is  from  the  exposure  of  healthy  to  tuberculous  hogs.  These 
investigations  are  not  yet  complete,  but  as  far  as  they  have  gone  it  is 
seemingly  fair  to  conclude  that  contact  of  healthy  with  tuberculous 
hogs  in  a  hog  yard  is  not  nearly  the  dangerous  source  of  infection 
that  the  exposure  of  hogs  to  tuberculous  cattle  or  to  the  feces  of 
tuberculous  cattle  has  been  proven  to  be. 

Some  time  ago  the  station  proved  that  the  commonest  way  for 
tuberculous  cattle  to  expel  tubercle  bacilli  is  with  their  feces  through 
their  bowels.  It  was  found  that  hogs  exposed  to  the  fresh  manure  of 
a  herd  of  tuberculous  cattle  very  rapidly  became  tuberculous.  In 
this  connection  it  seemed  desirable  to  gain  some  information  about 
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the  length  of  time  that  tubercle  bacilli  will  remain  alive  and  virulent 
In  cattle  feces,  and  especially  in  manure  piles.  Experiments  made 
relative  to  this  matter  showed  that  tubercle  bacilli  die  very  rapidly 
on  the  exposed  surface  of  manure,  but  that  in  the  depth  of  a  manure 
pUe  they  may  remain  suflBciently  virulent  for  months  to  cause  tuber- 
culosis in  hogs  that  are  exposed  to  the  pile  after  a  layer  less  than  a 
foot  thick  has  been  removed  from  its  surface.  Hence,  as  in  all  the 
other  work  done  by  the  station  on  the  vitality  and  virulence  of 
tubercle  bacilli,  the  fact  is  here  again  illustrated  that  the  bacterium  of 
tuberculosis  has  an  enormous  amount  of  resistance  to  adverse  condi- 
tions, provided  it  is  not  exposed  to  light  or  to  a  temperature  which 
is  high  enough  for  the  pasteurization  of  milk.  This  investigation  is 
not  yet  fully  completed,  but  we  can  now  say  with  certainty  that 
tubercle  bacilli  capable  of  causing  tuberculosis  in  hogs  may  live 
more  than  three  months  in  a  manure  pile  from  a  stable  of  tubercu- 
lous cattle. 

Some  work  done  in  connection  with  the  pasteurization  of  milk,  in 
which  the  milk  was  obtained  from  a  cow  affected  with  udder  tuber- 
culosis, showed  that  a  temperature  of  60°  C.  (140°  F.),  maintained 
for  20  minutes,  invariably  killed  the  tubercle  bacilli.  Over  100 
guinea  pigs  injected  with  such  pasteurized  milk  remained  free  from 
tuberculosis,  while  an  equal  number  injected  with  unpasteurized  milk 
from  the  same  source  contracted  generalized  tuberculosis  with  very 
few  exceptions. 

An  experiment  is  still  in  progress  relative  to  the  elimination  of 
tuberculosis  from  a  herd  of  tuberculous  cattle,  and  the  derivation,  in 
the  most  economical  way,  of  a  herd  of  sound  cattle  from  one  that  is 
affected  with  this  disease.  It  will  be  some  time,  however,  before  a 
report  on  this  work  can  be  written.  At  present  we  can  say  that  con- 
genital tuberculosis  among  calves  is  very  rare  unless  they  are  pro- 
duced by  cows  affected  with  very  advanced  tuberculosis,  and  that 
calves  rarely  contract  tuberculosis  during  the  first  few  weeks  of  their 
lives  from  exposure  to  their  dams  when  the  later  are  not  clinically 
affected  and  have  sound  udders.  Milk  from  a  tuberculous  udder 
means  the  rapid  and  practically  certain  infection  of  all  calves  that 
drink  it. 

Among  a  number  of  tuberculous  cattle  kept  for  a  long  time  at  the 
station  one  observation  is  of  considerable  practical  importance.  It 
seems  that  when  tuberculous  cows  are  kept  any  length  of  time  after 
the  disease  is  somewhat  advanced  or  has  become  clinically  determin- 
able, the  development  of  udder  tuberculosis  and  the  extreme  infec- 
tion of  the  milk  with  tubercle  bacilli  is  very  common. 

During  the  year  a  fairly  large  number  of  samples  of  commercial 
butter  were  tested  for  tubercle  bacilli.  The  tests,  among  other  things, 
showed  that  commercial  butter  varies  greatly  as  to  the  amount  of 
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water,  curd,  salt,  fat,  filth,  bacteria,  etc.,  which  it  contains.  Six  of 
the  samples  examined  were  fomid  on  microscopic  examination  to  con- 
tain acid-fast  bacteria  that  were  indistinguishable,  optically,  from 
tubercle  bacilli.  Guinea-pig  injections  with  samples  of  the  butter 
caused  tuberculosis  in  only  one  instance,  but  the  injection  tests  were 
made  with  such  very  minute  quantities  that  they  can  not  be  said  to 
have  given  wholly  reliable  results.  This  investigation  will  be  repeated 
and  an  effort  made  to  distinguish  between  butter  derived  from  raw 
and  from  pasteurized  cream. 

A  number  of  samples  of  commercial  tuberculin  were  tested  to  de- 
termine whether  they  were  of  sufficient  potency  for  use  as  diagnostic 
agents  for  cattle  tuberculosis.  It  is  gratifying  to  say  that  all  the 
samples  tested  were  found  to  be  satisfactory. 

For  the  new  year  it  is  planned  to  make  a  careful  test  of  the  differ- 
ent methods  of  applying  tuberculin  to  animals  for  diagnostic  pur- 
poses, not  with  the  idea  that  some  other  method  will  give  better 
results  than  the  subcutaneous  injection  which,  when  honestly  and 
properly  applied,  has  an  accuracy  that  we  can  not  reasonably  hope  to 
exceed,  but  mainly  with  the  idea  that  some  method  for  applying 
tuberculin  may  be  found  which  will  answer  as  a  check  against  those 
frauds  which  are  at  times  practiced  by  unscrupulous  dealers  in  cattle 
to  prevent  a  reaction  from  tuberculin  even  though  tuberculosis  is 
present. 

An  attempt  has  been  made,  by  feeding  guinea  pigs  with  pasteurized 
milk  from  cows  affected  with  udder  tuberculosis,  to  determine  whether 
the  dead  tubercle  bacilli  in  such  milk  have  an  injurious  effect  on  the 
body.  This  investigation  has  not  yet  given  results  of  a  sufficiently 
definite  character  to  be  reported.  An  effort  will  be  made  to  study  the 
possibly  increased  or  reduced  resistance  to  tuberculous  infection 
which  may  be  associated  with  the  use  of  pasteurized  infected  milk. 

OTHER  WORK. 

Hog  diseases,  Texas  fever,  cattle  ticks,  cattle-tick  dips,  blackleg, 
glanders,  swamp  fever,  tetanus,  cattle  mange,  infectious  abortion, 
the  internal  and  external  parasites  of  sheep,  rabies,  and  a  number  of 
other  subjects  have  received  more  or  less  attention  at  the  Experiment 
Station. 

I  In  addition  to  cooperative  breeding  investigations,  the  experiment 
station  has  provided  the  Animal  Husbandry  Division  and  other  divi- 
sions of  the  bureau  with  extensive  facilities  for  independent  investi- 
gations. As  during  former  years,  large  numbers  of  small  experiment 
animals  and  a  large  amount  of  forage  were  raised  at  the  station,  and 
a  considerable  quantity  of  material  in  the  form  of  blackleg  meat, 
normal  and  other  sera,  milk,  etc.,  were  supplied  to  the  city  laborato- 
ries of  the  bureau. 
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THE  ARMY  REMOUNT  PROBLEM. 

By  Geobge  M.  Rommel, 
Chief  of  the  Animal  Husbandry  Division, 

INTRODUCTION. 

The  mounting  of  troops  in  an  army  is  a  most  serious  problem. 
Not  only  must  provision  be  made  for  a  supply  of  horses  sufficient 
to  equip  the  mounted  service  for  the  ordinary  routine  work  during 
peace,  but  horses  multiply  slowly,  and  a  reserve  must  be  provided 
for  use  in  case  of  an  outbreak  of  hostilities.  In  the  solution  of  this 
problem  the  European  countries,  with  the  exception  of  England,  have 
for  more  than  a  century  expended  large  sums  of  money  in  the  en- 
couragement of  horse  breeding,  by  maintaining  breeding  farms,  by 
granting  subsidies  to  stallions,  by  prizes  for  horses  of  suitable  type, 
and  by  grants  to  breeders'  associations,  prizes  for  racing,  etc.  Eng- 
land has  heretofore  been  content  to  rely  upon  the  resources  of  her 
colonial  possessions  and  the  United  States  for  such  horses,  but  her 
experience  in  the  Boer  War  10  years  ago,  when  she  was  forced  to 
drain  North  America  of  a  large  proportion  of  the  horses  suitable 
for  military  purposes,  has  compelled  her  to  accede  to  the  demands 
of  the  army,  and  a  grant  of  $200,000  has  been  made  by  the  Board  of 
Agriculture  to  encourage  the  breeding  of  military  horses  at  home. 
That  the  United  States  faces  a  similar  condition  is  a  verj^  widespread 
opinion. 

HORSE-BREEDING   METHODS   IN    EUROPE. 
THE    GERMAN    EMPIRE. 

Germany  probably  makes  larger  total  expenditures  for  the  encour- 
agement of  horse  breeding  than  any  other  country,  and  of  all  the 
German  States  most  attention  is  devoted  to  the  subject  in  Prussia. 
The  Prussian  Provinces  not  only  supply  horses  used  in  the  army  in 
Prussia,  but  in  Bavaria,  Saxony,  Wurtemburg,  and  other  parts  of 
the  Empire. 

There  are  5  breeding  farms  and  18  stallion  depots  in  the  Kingdom 
of  Prussia,  the  farms  containing  a  total  of  over  20,000  acres.  The 
breeding  work  of  the  Government  is  partly  to  encourage  live-stock 
raising  in  general,  as  well  as  for  military  purposes,  although  there 
are  two  Provinces  in  Prussia  known  as  the  "  remount  Provinces," 
where  only  the  military  object  is  considered  by  the  Government. 
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The  stallion  depots  (Landgestiite)  are  most  important  from  a  nu- 
merical standpoint,  and  contained  3,315  stallions  in  1907.  These 
stallions  "  make  the  circuit "  from  February  to  June,  at  fees  ranging 
from  $1.19  to  $4.76. 

The  Prussian  Government  does  not  permit  expense  to  stand  in  the 
way  of  acquiring  the  services  of  a  valuable  stallion.  Large  sums 
are  appropriated  annually  for  such  purposes,  and  Derby  winners  are 
bought  if  needed.  The  budget  of  1907  for  the  purchase  of  horses 
amounted  to  $440,000,  with  a  special  fund  of  $47,600.  Among  noted 
English  Thoroughbreds  which  the  Prussian  Government  has  bought 
were  the  Derby  winner  of  1897,  Galtee  More,  for  which  $66,640  was 
paid,  and  Ard  Patrick,  the  Derby  winner  of  1902,  for  which  $100,000 
was  paid. 

FRANCE. 

The  breeding  system  of  the  French  Government  is  especially  inter- 
esting to  an  American  on  account  of  the  large  numbers  of  French 
horses  which  have  been  exported  to  this  country.  Although  the  work 
is  done  entirely  by  the  Ministry  of  Agriculture,  it  is  largely  affected 
by  military  considerations.  The  French  Government  has  a  breeding 
farm  at  Pompadour  of  1,122  acres  where  horses  are  bred,  a  sheep  farm 
of  619  acres  in  connection  with  the  agricultural  school  at  Grignon, 
and  the  famous  sheep  farm  at  Rambouillet.  Aside  from  these  the 
breeding  work  is  done  through  the  medium  of  the  "  haras  "  or  central 
studs,  22  in  number,  from  which  stallions  are  distributed  throughout 
the  country.  In  1906  the  French  Government  owned  and  used  for 
breeding  purposes  3,321  stallions,  which  covered  161,414  mares  at  an 
average  fee  of  $1.47.    The  breeds  used  were  as  follows: 

Thoroughbred 229 

Arab 100 

Anglo-Arabs 234 

Half-blood   (Demi-Sang) 2,208 

Draft  horses 550 

Total 3,321 

The  Government  also  encourages  horse  breeding  by  examining  and 
approving  or  disapproving  privately  owned  stallions  for  breeding 
purposes,  by  giving  prizes  at  horse  shows,  encouraging  racing,  and 
maintaining  the  studbook  for  Thoroughbreds  and  half-breds.  Dur- 
ing the  year  1906  $1,718,129  was  voted  by  the  Chamber  of  Deputies 
for  the  improvement  of  the  breeds  of  domestic  animals,  but  more 
than  twice  this  amount  was  spent,  the  balance  being  covered  by  the 
receipts  from  race  tracks  and  other  sources. 

AUSTRIA-HUNGARY. 

The  efforts  of  the  Austro-Hungarian  Government  to  improve  the 
condition  of  horse  breeding  and  other  forms  of  the  live-stock  indus- 
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try  surpass  those  of  all  other  countries  in  one  respect — ^the  magnitude 
of  <^e  breeding  farms — in  addition  to  which  large  numbers  of  stal- 
lions are  placed  at  convenient  stations  during  the  breeding  season,  as  in 
other  countries.  In  Austria  proper  there  are  two  state  horse-breeding 
establishments,  with  farms  in  connection,  leased  by  the  Ministry 
of  Agriculture.  These  are  the  one  at  Fiber  of  1,000  acres  and  the 
one  at  Radautz  with  23,809  acres.  The  entire  Government  expendi- 
ture in  Austria  in  1907  was  $938,000.  This  work  is  very  largely 
dominated  by  military  considerations.  In  Hungary  are  the  great 
establishments  of  Mezohegyes  with  over  50,000  acres  of  land,  2,000 
horses,  and  6,000  employees ;  Kis-Ber  with  over  18,000  acres  of  land ; 
Babolna  with  over  10,000  acres ;  and  Fogaras.  In  addition  there  are 
a  number  of  stallion  depots  and  two  studs  which  breed  horses  solely 
for  the  Emperor's  stables.  With  all  this  great  outlay  the  Government 
it  not  able  to  supply  the  army,  and  over  half  the  horses  used  are  bred 
by  private  individuals  without  any  assistance  from  the  Government. 
The  privately  bred  horses,  however,  are  not  so  uniform  in  size  and 
gait  as  those  bred  under  Government  supervision.  The  great  estates 
of  the  Hungarian  Government  are  not  devoted  entirely  to  raising 
horses,  but  large  numbers  of  cattle  and  other  animals  are  raised  as 
well  for  public  benefit. 

rrALY. 

The  Italian  Government  does  not  devote  so  much  attention  to 
horse  breeding  as  those  already  mentioned,  but  640  stallions  stood  for 
public  service  in  1906,  covering  29,462  mares. 

PURCHASING  REMOUNTS  IN  EUROPE. 

In  purchasing  remounts,  purchases  are  almost  uniformly  made  in 
the  open  market,  the  purchasing  board  presenting  itself  at  localities 
within  a  given  district  at  stated  times  and  making  selections  from 
among  the  horses  offered.  In  Germany,  for  example,  in  1910,  27,462 
horses  were  offered  of  which  13,660  were  bought.  The  prices  ranged 
as  follows : 

Pmssla-i $253 

Bavaria : 

3-year-old8. 243 

4-year-olcl8L .    310 

Saxony: 

Young  horses ,  254 

Older  horses 321 

Wurtemburg : 

Young  horses 253 

Older  horses,  from  Prussian  remount  depots 368 
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ARMY  HORSES  IN  THE  UNITED  STATES. 

Next  to  Russia,  the  United  States  leads  the  world  in  the  number 
of  horses  which  it  possesses.  Thase  horses,  as  ever>'one  knows,  are 
the  descendants  of  horses  brought  from  the  Old  World  after  the  dis- 
covery of  America  by  Columbus,  as  there  were  no  horses  on  the 
American  Continent  at  that  time.  Prior  to  the  Civil  War  the  horses 
of  the  United  States  were  of  the  light  type,  with  one  prominent  ex- 
ception— ^the  Conestoga  draft  horse  of  Pennsylvania,  whose  origin 
has  always  been  shrouded  more  or  less  in  mystery  and  whose  complete 
disappearance  was  a  remarkable  result  of  the  development  of  railway 
transportation.  There  are  also  a  few  minor  exceptions.  Well- 
authenticated  evidence  shows  that  a  few  draft  horses  were  imported 
from  France  in  the  thirties,  and  the  draft  stallion  Louis  Napoleon, 
imported  from  France  in  1851,  appears  often  in  the  pedigrees  of 
Percheron  horses  in  the  United  States. 

ARMY  HORSES  OP  THE  CIVIL  WAR. 

At  the  time  of  the  Civil  War,  however,  the  horses  of  the  United 
States  contained  so  little  cold  blood  that  it  was  a  negligible  factor. 
The  Morgans  in  New  England,  Standardbreds  in  New  York  and  the 
Middle  West,  Thoroughbreds  in  Virginia,  and  saddle  horses  in  Ken- 
tucky, Missouri,  and  Tennessee,  predominated  and  made  up  the  bulk 
of  the  splendid  mounts  of  the  contending  armies  of  that  great  strug- 
gle. Even  the  much-despised  plains  horse  (the  mustang,  cayuse,  or 
broncho)  was  the  descendant  of  warm-blooded  horses  and  doubtle^ss 
contributed  his  share  to  remounting  the  cavalry  of  both  the  Northern 
and  Southern  forces  in  the  Civil  War.  The  demands  of  these  troops 
for  remounts  were  enormous,  but  there  does  not  seem  to  have  been  any 
insurmountable  obstacle  to  the  acquisition  of  these  horses.  They 
were  in  the  country,  they  answered  the  purpose,  and  they  were  ob- 
tained when  needed. 

Unfortunately,  the  photographs  of  the  cavalry  and  horse  artillery 
of  the  Civil  War  are  disappointing  to  the  student  desiring  informa- 
tion on  the  character  of  horses  on  which  troops  were  mounted.  A 
careful  search  of  the  Brady  collection  in  the  War  Department  fails 
to  show  any  photographs  of  mounted  cavalry,  but  there  are  a  few 
photographs  of  horse  artillery  which  show  fairly  well  the  character 
of  the  horses  then  in  service  in  the  Northern  Army,  two  of  which  are 
presented  herewith  (Pis.  I  and  II).  The  imperfections  of  photog- 
raphy in  those  days  made  it  impossible  to  catch  the  motions  of  ani- 
mals exactly,  but  the  illustrations  are  sufficiently  clear  to  show  that 
the  mounts  of  the  two  batteries  shown  were  horses  of  light  type — 
warm-blooded  horses.     Draft  blood  is  not  apparent. 
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The  cavalry  of  the  Southern  Army  was  almost  as  numerous  as  that 
of  their  opponents,  and  the  consumption  of  horse  flesh  was  probably 
nearly  as  great.  Yet  the  Southern  troops  were  even  better  mounted 
than  those  of  the  North. 

THE  DEVELOPMENT  OF  THE  DRAFT-HORSE  INDUSTRY. 

With  the  close  of  the  Civil  War  began  the  rapid  importations  of 
draft  horses  from  Europe,  and  this  trade  has  flourished  until  the 
present  time,  with  the  exception  of  the  period  of  depression  during 
the  middle  nineties. 

In  the  corn  belt  and  in  the  irrigated  sections  of  the  West  the  draft 
horse  is  becoming  the  farmer's  horse  almost  to  the  exclusion  of  horses 
of  the  light  type,  and  rightly  so.  Where  conditions  of  environment 
are  satisfactory  a  farmer  is  wise  to  use  draft  horses  because  he  can 
haul  larger  loads,  get  greater  power  for  moving  heavy  implements, 
and  suffers  a  minimum  loss  from  blemishes  when  he  markets  his  sur- 
plus. In  some  parts  of  the  country,  where  a  prosperous  farmer  for- 
merly kept  a  fine  team  of  drivers  to  get  about  over  the  country,  the 
drivers  have  been  discarded  and  the  farmer  now  owns  an  automobile 
of  moderate  price.  Even  in  the  South,  where  the  prolonged  hot 
season  undoubtedly  works  to  the  disadvantage  of  drafters,  such  horses 
are  gaining  a  foothold. 

That  the  lines  are  being  closely  drawn  between  the  sections  produc- 
ing draft  horses  and  those  producing  light  horses  is  clearly  shown 
by  the  reports  of  the  stallion  registration  boards  in  those  States  which 
have  adopted  legislation  requiring  stallions  to  be  licensed  before  be- 
ing permitted  to  stand  for  public  service.  The  following  table  shows 
the  number  of  purebred  stallions  of  draft  and  light  type  and  ponies 
standing  in  11  States,  and  an  estimate  of  the  purebred  horses  in  New 
York,  according  to  the  latest  information  available,  with  the  per- 
centage of  each  type : 

Purebred  stallions  in  various  States. 


states. 

Light, 

Draft. 

Pony. 

Total 

Number. 

Percent. 

Number. 

Percent. 

Number. 

Per  cent. 

number. 

nilnoifl  

1,608 
1,121 
701 
252 
175 
204 
865 
114 
367 
165 
56 
436 

31.70 
17.92 
27.02 
17.51 
38.46 
18.66 
67.59 
11.39 
45.70 
13.43 
19.93 
32.68 

3,408 

5,116 

1,884 

1,184 

280 

88; 

361 

886 

434 

1,062 

225 

894 

67.19 
81.78 
72.63 
82.28 
61.54 
81.15 
24.03 
88.51 
54.05 
86.41 
80.07 
67.02 

56 
19 
9 
3 

1.10 
.30 
.35 
.21 

5,072 

Iowa 

6,256 

Kansas 

2,594 

Minnesota 

1,439 

Montana 

455 

Nebraska 

2 
276 
1 
2 
2 

.18 
18.38 
.10 
.25 
.16 

1,093 

NewYorki 

1,502 

North  Dakota 

1,001 

Pennsylvania 

803 

South 'Dakota 

1,229 

Utah       ....                      

281 

Wisconsin  

4 

.30 

1,334 

Total 

6,064 

26.30 

16,621 

72.08 

374 

1.62 

23,059 

1  A  partial  list.     New  York  does  not  have  a  stallion  registration  law.     The  information  Lb  from  Bulletin 
17,  New  York  Department  of  Agriculture,  and  includes  Doth  sexes. 
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This  table  shows  the  figures  for  purebreds  only.  One  can  usually 
depend  on  a  purebred  stallion  reproducing  his  type  pretty  accurately ; 
no  one  knows  what  a  grade  stallion  is  likely  to  "  throw." 

The  table  shows  emphatically  that  the  draft  horse  is  easily  the 
more  popular  horse  in  nearly  every  State  where  figures  are  available, 
the  percentage  ranging  from  24.03  in  New  York  to  88.51  in  South 
Dakota.  Even  in  Pennsylvania,  where  conditions  are  not  as  a  rule 
favorable  to  draft  horses  on  account  of  the  hilly  and  mountainous 
character  of  much  of  the  State,  over  50  per  cent  of  the  purebred  stal- 
lions are  drafters.  In  Wisconsin,  Illinois,  Iowa,  Kansas,  Minnesota, 
Nebraska,  North  Dakota,  South  Dakota,  Montana,  and  Utah,  where 
the  light  horse  was  formerly  the  preferred  type,  and  from  which  sec- 
tion most  of  the  remounts  for  the  Army  once  came,  the  percentage  of 
purebred  stallions  of  the  light  type  is  as  low  as  11.39,  and  does  not 
exceed  39  per  cent.  .At  the  time  of  the  Civil  War  there  probably  was 
not  one  draft  stallion  in  all  this  territory,  and  this  remarkable  change 
has  therefore  been  the  result  of  less  than  45  years  growth.  One  can 
only  wonder  what  the  next  45  years  will  bring  forth. 

MILITARY  HORSES  IN  THE  UNITED  STATES  TO-DAY. 

The  argument  is  frequently  advanced  that  if  the  War  Department 
were  to  pay  sufficient  prices  for  horses  it  could  easily  obtain  the 
number  needed  for  the  use  of  the  Army.  This  argument  is  not  ex- 
actly apropos.  Under  the  remoimt  system  now  in  vogue,  whereby  the 
Government  buys  young  horses  direct  from  farmers,  the  supply 
necessary  for  the  Regular  Army  on  its  present  peace  footing  is  being 
obtained  in  a  fairly  satisfactory  manner,  as  the  photographs  of  re- 
mounts accompanying  this  article  will  show.  (See  PI.  IV.)  How- 
ever, the  Government  is  concerned  in  the  encouragement  of  a  supply 
of  horses  which  will  be  profitable  to  those  who  raise  them  and  which 
may  be  drawn  upon  in  case  of  war.  The  well-worn  dictum  that 
preparedness  is  half  the  measure  of  success  in  a  conflict  applies  no 
more  to  the  subject  of  rifles,  guns,  and  fortifications  than  to  that 
of  horses  for  the  mounted  service.  A  supply  of  horses  sufficient  to 
equip  a  modern  army  can  not  be  picked  up  in  a  few  weeks  where 
it  does  not  exist,  and  suitable  horses  can  not  be  bred  and  raised  to  a 
usable  age  in  much  less  than  6  years.  We  have  already  observed 
the  sweep  of  the  draft  horse  over  the  United  States — a  perfectly 
normal  matter,  based  on  sound  economic  laws.  But  an  army  can 
not  be  mounted  on  drafters  if  it  is  to  use  its  cavalry  and  field  artillery 
to  good  advantage. 

POLICE  BCM0TJNT8. 

The  success  of  the  police  departments  of  our  large  cities  in  provid- 
ing their  mounted  men  with  good  horses  is  always  brought  up  to 
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show  that  a  sufficient  price  will  always  provide  sufficient  horses  of 
good  type. 

According  to  the  census  bulletin  of  1907  giving  statistics  of  cities 
there  were  in  that  year  1,106  patrolmen  mounted  on  horses  in  the 
various  city  police  departm^its.  Of  this  number,  559  were  in  the 
cities  of  New  York,  Chicago,  Philadelphia,  St.  Louis,  and  Boston. 
The  total  number  of  mounted  policemen  in  the  entire  country,  there- 
fore, just  about  equals  the  enlisted  strength  of  a  regiment  of  cavalry 
on  a  war  footing. 

The  authorized  number  of  mounts  for  the  Cavalry  of  the  Regular 
Army  on  its  present  peace  footing  is  11,970,  and  on  a  war  footing 
17,100.  The  mounted  police  are  practically  comparable  to  the 
Cavalry  on  a  war  footing,  and,  therefore,  the  Army,  on  the  basis  of 
15  regiments  of  Cavalry,  requires  over  15  times  as  many  horses  as  the 
entire  combined  mounted  police  force  of  the  United  States. 

Letters  of  inquiry  sent  out  to  the  police  departments  of  the  cities 
named  and  that  of  Washington,  D.  C,  elicited  the  following  informa- 
tion for  the  year  1911,  which,  of  course,  shows  some  variation  from 
the  figures  quoted  above  from  the  census  bulletin  : 

Horses  used  hy  mounted  police,  six  cities,  1911, 


aoee. 

Nuniber 
of  horses 
used  b  J 
mounted 
poUoe. 

Number  of  horses 
nually. 

Breeding. 

Howpurcfaaaed. 

Price 

per 

head. 

New  York 

464 

50 
282 
70 

30 
57 

75 

Matnhr    trotting 
bred;  some  Thor- 
oughbred blood. 

Unknown  

Contract 

$S72.50 

Chloaeo 

5      

Various  peraons 

Contract 

225-250 

Phtodelphik 

8t.Loate. 

60-60 

"Western  bred".... 
"Northern  bred".... 

210 

Indefinit«;    6    in 

1911. 
4      

At  National  Stock 

Yards,  IlL 
Different  dealers 

District  of  Colum- 
bia, Maryland, 
and  Virginia. 

190-245 

Boston 

325 

WMhinfton 

Not  known;  each 
officer  buys  his 
own. 

do 

225 

The  information  for  the  New  York  mounted  police  is  particularly 
enlightening,  as  that  body  of  men  has  a  well-deserved  reputation  not 
only  for  horsemanship  but  for  the  excellent  quality  of  its  mounts. 
The  department  expects  to  purchase  about  75  saddle  horses  in  1911  at 
a  cost  about  twice  as  much  per  head  as  the  cavalry  remounts  are  now 
costing  the  Government  und^  the  remount  system.  This  contract 
has  been  held  for  several  years  by  one  firm,  which  does  a  very  exten- 
sive business  in  all  kinds  of  horses  and  has  buyers  in  various  parts  of 
the  country  where  good  horses  are  found.  These  buyers  are  familiar 
with  the  specifications  of  the  New  York  police  department  and  have 
instructions  to  buy  horses  when  they  find  them  conforming  to  those 
specifications.    The  horses  selected  come  mainly  from  Indiana  and 
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Missouri,  and  are  s^id  to  be  principally  of  trotting-bred  stock ;  some 
are  grade  Thoroughbreds.  Only  about  half  the  horses  purchased  are 
accepted  by  the  police  department,  but  the  supply  firm  has  no  diffi- 
culty disposing  of  the  others  for  general  purposes.  If  this  statement 
means  anything,  it  means  that,  even  at  a  price  of  nearly  $400,  it  is  not 
an  easy  matter  to  get  enough  horses  to  supply  New  York's  apparently 
small  demand  of  75  head  per  year;  and  it  is  evident  that  if,  under 
present  conditions,  the  Government  undertook  to  mount  the  regular 
cavalry  as  well  as  the  Xew  York  police  are  mounted,  it  could  only  be 
done  at  tremendous  cost,  if  at  all. 

For  the  information  of  the  reader,  the  New  York  police  contract 
specifications  for  saddle  horses  for  1910  are  inserted  here: 

Specifications  fob  Saddle  Horses  Purchased  during  1910  for  use  by  New 

York  Mounted  Police. 

The  police  commissioner  reserves  the  right  to  reject  any  or  all  horses  not 
absolutely  sound,  or  which  may  be  determined  by  him  to  be  unsuitable  for  the 
department  service. 

Each  horse  must  remain  on  trial  in  the  service  of  the  police  department  for 
a  period  of  30  days,  during  which  time  he  will  be  used  for  police  service,  in  the 
discretion  of  the  officials  of  the  department.  He  will  be  so  held  at  the  risk  of 
the  contractor,  and  in  case  of  sickness  or  injury  during  such  trial  service,  he 
will  be  held  in  like  manner  for  such  additional  days  as  may  be  required  to  fully 
develoi)  the  capacity  of  the  horse  for  police  service.  Any  horse  failing  to  meet 
the  requirements  during  such  trial  will  be  immediately  removed  and  rer)Iaced 
as  often  as  may  be  necessary  to  procure  a  horse  perfectly  satisfactory  in  every 
respect. 

All  horses  to  be  geldings  of  good  conformation,  sound,  well  broken,  prompt 
and  light  in  movement.  They  must  be  handsome  animals,  bay  color,  black 
points,  intelligent,  tractable,  showing  breeding  and  superior  class,  and  in  all 
respects  suitable  for  the  police  service  as  determined  by  authorized  officials. 

Saddle  horses  must  be  sound,  well  bred,  of  a  superior  class,  and  have  quality; 
gentle  and  of  a  kind  di8i)osition,  with  light  and  elastic  mouth,  easy  gaits,  free 
and  prompt  action  at  the  walk,  trot,  and  gallop;  free  from  vicious  habits,  with- 
out material  blemish  or  defect,  and  otherwise  to  conform  with  the  following 
description: 

Horses  to  be  gelding,  solid  bay,  with  black  points,  in  good  condition,  from  5 
to  8  years  old,  weighing  not  less  than  1,050  i)Ound8  and  not  more  than  1,100 
pounds. 

Height  not  less  than  15^  hands  or  more  than  16  hands  high. 

Head  small  and  well  set  on  neck;  ears  small  and  erect;  forehead  broad  and 
full;  eyes  large  and  mild,  vision  perfect  in  every  respect;  muzzles  small  and 
fine  and  branches  of  under  jaw  (adjoining  neck)  wide  apart. 

Neck  light,  moderately  long,  with  crest  firm  and  longer  than  underside. 

Withers  elevated,  well  developed  and  muscled. 

Shoulders  long,  oblique,  and  well  muscled. 

Chest  full,  deep,  moderately  broad  and  plump  in  front. 

Back  short,  straight,  and  well  muscled. 

Loins  broad,  straight,  very  short,  and  muscular. 

Barrel  large,  increasing  in  size  toward  flanks,  with  ribs  well  arched  and  close 
together. 
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Limbs :  Forearm  large,  long,  heavily  muscled ;  hind  quarters  wide,  thick,  very 
long,  full,  and  rounded  externally;. stifle  large  and  well  muscled,  and  hocks 
lean,  large,  wide  from  front  to  rear,  and  well  situated ;  pasterns  strong,  medium 
length,  not  too  oblique,  and  well  directed. 

Feet  medium  size,  circular  in  shape,  sound,  of  fine  texture,  sole  concave,  frog 
well  developed,  sound,  firm,  and  healthy. 

Each  horse  will  be  subjected  to  a  rigid  inspection,  and  any  animal  that  does 
not  meet  the  above  requirements  will  be  rejected. 

The  fact  that  the  police  departments  of  our  cities  are  able  to  mount 
their  men  without  resort  to  any  plan  to  encourage  the  breeding  of 
horses  of  the  particular  type  desired  has  no  bearing  on  the  Army 
remount  problem,  on  account  of  the  small  number  required  for  the 
police.  The  Army  could,  by  using  a  plan  similar  to  that  of  the  New 
York  police,  place  men  in  various  parts  of  the  country  to  pick  up 
desirable  horses  as  opportunity  offered,  and  this  is  practically  what 
is  now  being  done  in  supplying  the  remount  depots.  On  accoimt  of 
the  larger  numbers  required  and  the  inevitable  necessity  of  keeping 
in  mind  the  supply  of  good  horses  in  case  of  war,  these  officers  are 
strongly  impressed  with  the  desirability  of  educating  horse  raisers 
to  breed  intelligently  and  to  use  methods  which  will  insure  as  much 
as  possible  reasonably  profitable  results.  As  Congress  has  expressly 
forbidden  the  War  Department  to  expend  any  of  its  appropriation 
for  breeding  purposes,  the  dilenmia  in  which  officers  find  themselves 
may  readily  be  seen. 

MOUNTED    SERVICE    IN    THE    MILITIA. 

Next  to  the  police  in  intimacy  of  contact  with  the  public  is  the 
mounted  militia,  and  this  subject  may  be  passed  briefly.  If  it  is 
difficult  to  obtain  the  proper  horses  for  the  mounted  police  and  the 
Regular  Army,  it  is  many  times  more  so  to  get  satisfactory  mounts 
for  the  militia  cavalry  and  artillery. 

Squadron  C  (Brooklyn),  New  York  National  Guard,  has  taken 
quite  a  step  toward  solving  this  problem  by  maintaining  a  breeding 
farm,  where  some  of  the  remounts  needed  are  bred,  and  where  horses 
owned  by  the  squadron  may  be  turned  out  if  necessary.  Squadron 
A  occupies  an  armory  in  Manhattan,  where  the  horses  it  owns  are 
kept,  but  these  represent  only  a  part  of  the  horses  needed  by  the 
squadron ;  some  are  owned  by  the  members,  but  many  more  are  rented 
as  needed. 

The  rented  militia  horse  is  not  only  a  source  of  pain  and  discom- 
fort to  his  rider,  but  is  an  expense  to  the  State,  which  is  usually  out 
of  proportion  to  the  service  rendered.  When  the  encampment  is 
over,  the  horse  goes  back  to  his  owner  and  the  Government  has  no 
claim  on  him  if  he  is  needed  again.  These  horses  are  frequently  poor 
livery  hacks,  untrained  to  work  in  mounted  organizations,  and  would 
be  decidedly  unsatisfactory  in  real  warfare.    Further,  it  is  only  by 
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paying  very  high  rates  for  their  rental  that  they  can  be  obtained  even 
for  an  ordinary,  peaceful  encampment.  Anyone  who  has  visited  or 
participated  in  a  militia  encampment  in  which  mounted  militia  were 
engaged,  and  has  seen  the  curious  mounts  provided  for  such  troops, 
will  readily  appreciate  the  difficulty  of  obtaining  really  satisfactory 
remounts  for  this  purpose. 

MOUNTED  SERVICE  IN  THE  UNITED  STATES   ARMY. 

The  mounted  service  in  the  Regular  Army  is  now  being  supplied 
with  horses  which  are  bought  young,  developed  and  trained  in  the 
remount  depots,  and  issued  to  troops  at  4^  to  5  years  of  age,  properly 
trained  and  ready  for  work.  The  remount  depots  were  first  estab- 
lished in  1908,  and  already  the  wisdom  of  Congress  is  apparent  in 
permitting  the  War  Department  to  use  abandoned  military  posts  for 
this  purpose.  As  will  be  shown  under  the  next  head,  the  horses  for 
the  depots  are  purchased  by  officers  direct  from  farmers,  and  the 
middleman's  profit  under  the  old  contract  system  is  eliminated,  the 
breeder  receiving  the  money  which  ,the  Government  pays  for  the 
horse. 

The  War  Department  is  now  paying  about  $150  for  3-year-old  un- 
broken colts,  and  somewhat  less  for  2-year-olds.  The  writer  is  per- 
mitted to  make  the  following  quotation  from  a  recent  letter  from  the 
officer  in  charge  of  the  Fort  Reno  Remount  Depot  to  the  Quarter- 
master General  concerning  two  lots  of  2-year-old  colts  purchased  in 
1910  in  Texas  and  Wyoming:  * 

These  coUs  are  now  3  years  old,  and  have  in  my  opinion  made  satisfactory 
growth. 

The  average  height  of  the  Texas  colts  is  14.3;  average  weight,  796  pounds; 
average  growth  In  the  year,  3  inches;  average  increase  in  weight,  115  pounds. 
By  the  time  they  are  5  years  old,  with  the  exception  of  probably  8  head,  the 
average  height  should  be  15.1  or  over,  and  weight  1,000  pounds  or  over. 

The  average  height  of  the  Wyoming  colts  is  15  hands;  average  weight,  864 
pounds;  average  growth  about  2  inches;  increase  in  weight,  48  pounds.  Prac- 
tically all  this  gain  has  been  in  the  last  few  months.  These  colts  at  5  years  of 
age,  with  the  exception  of  probably  3,  should  average  well  above  15.2.  and  weigh 
1,050  to  1,100  pounds. 

The  Texas  colts  cost  $80  per  head,  and  the  cost  of  forage  from  the  date  they 
were  received  (June  6,  1010)  to  June  1,  1911,  was  $32,  making  the  cost  of  the 
colt  to  the  Government  when  3  years  old  $112. 

The  Wyoming  colts  cost  $100  per  head,  and  it  has  cost  $25  per  head  to  forage 
them  from  August  30,  1910  (date  of  receipt),  to  June  1,  1911,  making  the  cost 
of  the  colts  at  3  years  of  age  $125. 

Cost  of  the  Missouri  and  Virginia  horses  at  3  years  Is  $150  to  $164. 

The  mounted  service  still  contains  a  large  number  of  unsatisfactory 
horses  purchased  under  the  contract  system,  and  it  will  naturally  be 
some  time  before  all  the  horses  in  the  Army  will  have  been  received 

1  See  Plate  IV  for  typical  lllnstrations  of  these  remounts  in  the  rough. 
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Plate 


Fig.  1.— a  Remount  of  the  New  York  Mounted  Police.   The  Best  Mounted 
Organization  in  the  United  States. 
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Fig.  2.— Chicago  Mounted  Police. 
MOUNTED    POLICE    HORSES    IN    THE    UNITED    STATES. 
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Plate  IV. 


Fig.  1.— Half-bred  Virginia  Remount,  Purchased  by  an  Officer. 


Fig.  2.— Trcx)p  Horse  in  B  Troop,  Fifteenth  Cavalry,  from  Fort  Reno  Station. 

TYPE    OF    HORSE    NOW    BEING    ISSUED    TO    TROOPS    IN    THE    UNITED 
STATES    ARMY    FROM    REMOUNT    STATIONS. 
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Plate  V. 
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from  the  remount  depots.  The  system  is  satisfactory  and  adequate 
for  the  present  peace  footing,  but  what  the  country  would  do  in  case 
of  war  can  only  be  conjectured. 

WHAT   WAB  REQUIREMENTS    MEAN. 

The  following  table  gives  a  slight  idea  of  the  difference  between 
supplying  the  present  demand  of  about  2,000  horses  per  year  and  the 
demands  of  war.  It  shows  the  number  of  remounts  of  all  kinds  re- 
quired by  the  Regular  Army  and  militia  on  a  war  footing,  excepting 
.draft  horses  and  animals  for  wagon  trains,  some  of  which  might  be 
replaced  by  motor  vehicles : 

Total  authorized  animals,  mounted  service.  Regular  Army  and  militia,  war 

footing.^ 


Class. 


Regular 
Army. 


Cavalry 17, 100 

Artillery i  4,708 

Engineers 249 

Signal 426 

Hospital 692 

Orderlies 620 

Officers 3, 352 


MUitia. 


6,840 

9,108 
456 

1,656 
439 
480 

2,262 


TotaL 


23,940 
13,816 
705 
2,081 
1,131 
1,100 
5.614 


48,387 


Total 27,146  i      21,241 

'  From    QuartermaBter   (ieneral's   Office,    War   Department. 

This  table  shows  that  on  a  war  footing  50,000  horses  (in  round 
numbers)  would  be  required  before  a  shot  was  fired  or  a  saber  drawn, 
as  against  20,000  horses  now  in  the  Regular  Army  on  a  peace  basis. 
The  number  is  regarded  as  conservative,  as  the  figures  show  the  mini- 
mum needed.  The  fact  that  new  mounted  organizations  are  con- 
stantly being  formed  in  the  militia  will  soon  make  these  figures 
considerably  under  the  mark. 

On  the  basis  of  a  10-year  life  for  a  horse  in  the  mounted  ser\dce,  under 
the  remount  system  there  should  be  available  annually  at  least  5,000 
horses  to  supply  both  the  Army  and  the  National  Guard,  but  in  war 
we  can  not  count  on  a  10-year  life.  The  decimation  of  horses  in  war 
is  enormous  and  must  be  provided  for  if  a  country's  mounted  service 
is  to  be  properly  equipped.  How  much  this  should  be  the  writer  does 
not  pretend  to  estimate.  The  Federal  Government  purchased  during 
the  fiscal  year  ended  June  30, 1864, 188,718  horses.  Captures  reported 
added  20,388  more,  and  the  number  consumed  daily  was  therefore 
500  head,  without  considering  those  captured  and  not  reported.  Dur- 
ing eight  months  of  the  year  1864  the  Cavalry  of  the  Army  of  the 
Potomac  was  remounted  twice,  nearly  40,000  horses  in  all  being 
required.  During  his  Shenandoah  Valley  campaign  Sheridan  was 
supplied  with  fresh  horses  at  the  rate  of  150  per  day.    In  his  report 
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for  the  year  1865  the  Quartermaster  General  of  the  United  States 
Army  stated :  "  The  issue  of  Cavalry  horses  to  the  Army  of  the  Shen- 
andoah actively  engaged  under  Maj.  Gen,  Sheridan  have  been  at  the 
rate  of  three  remounts  per  annum.  The  service  of  a  Cavalry  horse 
under  an  enterprising  commander  has  therefore  averaged  only  four 
months." 

If  the  50,000  horses  now  required  by  the  mounted  service  of  the 
Regular  Cavalry  and  Militia  (excluding  those  for  wagon  trains,  etc.) 
were  called  into  active  war  duty,  we  could  look  for  a  demand  of 
upward  of  150,000  horses  per  annum,  basing  the  estimate  on  the 
experience  of  Gen.  Sheridan's  army. 

The  British  Army  in  South  Africa  10  years  ago  consumed  enor- 
mous numbers  of  horses,  over  100,000  being  bought  in  the  United 
State  alone,  and,  incidentally,  it  may  be  remarked  that  this  exporta- 
tion of  horses  went  a  great  way  toward  causing  the  shortage  of 
horses  of  the  right  type  for  Army  purposes  which  we  now  observe  in 
the  United  States  and  created  a  situation  of  which  draft-horse 
breeders  were  quick  to  take  advantage.  It  is  exceedingly  doubtful 
whether  a  foreign  government  could  now  obtain  such  a  supply  in  the 
United  States.  How,  then,  could  the  United  States  itself  mount  an 
army?  If  with  draft  horses,  or  horses  of  draft  breeding,  how  could 
it  meet  a  hostile  cavalry  properly  mounted  ? 

THE   REMOUNT  SYSTEM   IN  THE  UNITED  STATES. 

The  use  of  remount  stations  in  the  United  States  as  depots  where 
young  horse.s  are  developed  and  educated  for  use  in  the  Army  has 
been  inaugurated  during  the  last  five  years.  In  a  lecture  before  the 
Army  War  College  in  February,  1907,*  Maj.  (now  Q.  M.  Gen.)  J.  B. 
Aleshire  presented  an  elaborate  plan  to  improve  the  conditions  under 
which  horses  and  mules  were  supplied  to  the  Army,  urging  the  pur- 
chase of  young  horses  direct  from  breeders  and  developing  them  at 
Army  stations  so  that  by  the  time  they  were  mature  they  would  be 
ready  for  actual  service,  undesirable  ones  would  be  weeded  out,  those 
retained  would  have  been  given  rational  development  and  handling, 
and  a  much  longer  i)eriod  of  usefulness  could  therefore  be  expected 
from  them  than  from  mature  horses  purchased  under  contract. 

In  presenting  the  report  of  the  Quartermaster  General  for  the  fiscal 
year  1907,  Gen.  Aleshire  brought  his  remount  plan  directly  to  the 
attention  of  Congress.^ 

He  urged  the  estabHshment  of  "  three  or  more  remount  depots,  to  be  properly 
organized,  located,  and  equipped,  and  the  same  number  of  remount  districts. 
♦  ♦  ♦  To  each  of  the  three  or  more  remount  depots  would  be  assigned  a 
remount  district,  and  each  depot  and  its  tributary  district  would  be  in  charge 


^Army  horses,  etc.,  U.  8.  War  Department,  WaBbin^on,   1908. 
'Annual  Report,  Quartermaster  General,  War  Department,  1907. 
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of  an  officer  of  the  Quartermaster's  Department,  preferably  detailed  from  th« 
cavalry  or  field  artillery  and  especially  adapted  for  this  duty.  ♦  ♦  ♦  The 
officer  in  charge  of  each  remount  depot  ♦  ♦  ♦  would  personally  superintend 
the  care  and  handling  of  the  horses  under  his  charge  and  see  to  it  that  the 
horses  were  well  fed  and  cared  for,  gently  and  kindly  handled  at  all  times,  and 
properly  exercised  and  broken. 

"When  directed  by  proper  authority,  he  would  purchase  young  horses,  to 
conform  to  specifications,  within  the  district  assigned  to  his  remount  depot,  to 
which  they  would  be  shipped. 

"  He  would  be  required  to  acquaint  himself  with  and  keep  a  record  of  the 
number  and  class  of  horses,  how  bred  (if  possible),  by  whom  owned,  where 
located,  and  generally  complete  data  of  the  horse  and  mule  production  of  his 
district,  and  be  prepared  to  direct  a  purchasing  officer  or  to  go  himself  to  the 
place  most  suitable  for  the  establishment  of  subdepots,  in  case  of  an  emergency, 
and  where  the  best  horses  could  be  found. 

**  The  average  life  or  period  of  duration  of  cavalry  and  artillery  horses  has 
heretofore  been  6.4  years,  and  that  of  the  mule  10.6  years. 

"  In  view  of  the  fact  that  the  young  horses  to  be  sent  to  the  remount  depots 
will  be  carefully  selected  and  be  purchased  for  remount  purposes  before  they 
are  worked  down,  injured,  or  spoiled  by  improper  breaking,  and  since  the  num- 
ber of  remounts  to  be  supplied  annually  is  to  be  limited,  which  in  time  will  re- 
sult in  the  mount  of  each  organization  being  composed  of  horses  of  ages  from 
4i  years  up,  the  number  of  each  age  being  approximately  that  supplied  each 
year,  It  Is  submitted  that  the  average  life  or  period  of  duration  of  remounts  for 
cavalry  and  artillery  will  be  materially  increased  by  this  system  of  purchase 
and  supply,  and  it  is  therefore  taken  at  10  years,  barring  epidemics,  etc." 

By  the  increase  in  the  average  life  of  animals  purchased  under  this 
plan,  the  estimate  was  made  that  the  cost  of  remounts  for  the  Army 
could  be  reduced  one-third.  It  was  also  suggested  that  the  develop- 
ment of  the  plan  and  the  experience  gained  by  officers  in  connection 
with  it  would  enable  the  Army  better  to  meet  emergencies  requiring 
a  large  increase  in  the  number  of  animals  required.         * 

Among  the  advantages  of  the  proposed  system  were  pointed  out 
the  following:^ 

The  Army  wUl  be  supplied  with  young,  fresh,  sound,  and  well-broken  horses, 
in  every  way  suitable  for  the  service,  and  that  have  not  been  spoiled  or  Injured 
while  breaking,  as  is  often  the  case  under  the  present  system. 

These  young  horses  will  be  fed  grain  and  receive  the  best  of  care  a  year 
earlier,  and  therefore  be  much  stronger  and  better  animals  when  sent  to  the 
troops  and  batteries  at  from  4  to  5  years  of  age  than  if  wintered  by  farmers  or 
on  the  ranges  and  purchased  a  year  later,  as  at  present. 

It  creates  a  market  for  young  horses  from  3  to  4  years  old,  and  the  Quarter- 
master's Department  would  have  few,  if  any,  competitors ;  the  first  cost  should 
therefore  be  less,  and  the  department  as  a  buyer  would  be  In  close  touch  with 
the  horse  raisers  and  breeders. 

The  average  life  or  period  of  duration  of  the  horse  will  be  longer,  so  that 
about  one-third  less  number  of  remounts  will  be  required  yearly,  with  a  cor- 
responding reduction  in  expenditure. 

The  cost  will  be  one-third  less,  as  the  department  will  be  able  to  select  de- 
sirable young  horses  from  all  over  the  United  States,  whereas  at  present 


» Ibid. 
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western  horses,  though  in  many  cases  well  bred,  are  not  desirable,  as  they  arc 
not  broken,  gentled,  or  handled  until  a  week  or  two  before  they  are  offered  for 
sale  as  Cavalry  or  Artillery  horses,  and  when  purchased  many  of  them  are 
never  serviceable.  This  system  will  afford  time  and  means  to  properly  handle 
and  break  these  young  horses  and  to  accustom  them  to  man  from  an  earlier 
age. 

An  opportunity  will  be  afforded  for  a  close  and  careful  observance  of  all 
horses  for  several  months  before  issued,  and  such  as  are  found  undesirable  or 
not  suited  for  the  service  can  be  disposed  of  from  the  depot  The  Grovemment 
would  therefore  save  the  freight  to  posts  on  such  horses,  and,  since  they  are 
young,  they  should  sell  at  the  depot  for  nearly  their  first  cost. 

Horses  will  be  uniform  as  to  conformation,  action,  etc.,  and  the  special  type 
desired  will  be  standardized  and  understood  by  breeders  and  farmers. 

Horses  can  be  shipped  in  first-class  condition  in  every  respect  and  in  cars 
that  are  sanitary ;  there  should  therefore  be  practically  no  sickness  on  arrival 
at  posts. 

Requisitions  can  be  filled  promptly  without  waiting  for  advertising  and  pur- 
chase, as  at  present,  and  horses  of  desired  color  can  be  sent  to  a  particular 
troop  or  battery  at  no  additional  expense. 

The  Quartermaster  General  suggested  the  use  of  abandoned  mili- 
tary posts,  such  as  Fort  Reno,  where  buildings  were  already  available 
and  the  plan  could  be  put  into  effect  without  extra  expense.  His 
recommendations  were  approved  by  Congress  in  the  Army  appropri- 
ation act  for  the  fiscal  year  1909,  and  under  General  Order  No.  59, 
War  Department,  1908,  the  military  post  of  Fort  Eeno,  Okla.,  was 
designated  as  a  general  supply  depot  of  the  Quartermaster's  De- 
partment, and  would  thereafter  be  known  as  the  Fort  Reno  Remount 
Depot.  A  year  later  General  Order  No.  80,  War  Department,  1909, 
similarly  designated  Fort  Keogh,  Mont.,  as  a  remount  depot.  Issues 
from  the  Fort  Reno  depot  were  commenced  during  the  fiscal  year 
1909.^  • 

In  the  spring  of  1910  purchases  of  horses  were  b^un  in  Virginia 
and  Kentucky,  and  an  officer  was  detailed  for  the  purpose,  with  sta- 
tion at  Front  Royal,  Va.  The  horses  first  purchased  in  this  district 
were  sent  to  Fort  Reno,  but  in  the  Army  appropriation  act  for  the 
fiscal  year  1912  an  item  of  $200,000  was  included  for  the  purchase  of 
land  in  Virginia  for  a  remount  station,  where  the  horses  in  that  dis- 
trict will  be  developed  in  future.  The  new  station  is  located  at  Front 
Royal,  on  the  Blue  Ridge. 

The  following  statement,  furnished  by  the  office  of  the  Quarter- 
master General,  United  States  Army,  shows  that  the  horses  purchased 
under  the  remount  system  are  costing  the  Government  much  less  than 
those  purchased  under  contract: 

Fiscal  year  1909, 

Cavalry  horses,  average  contract  price $160.06 

Artillery  horses,  average  contract  price 191.12 

Young  horses  for  remount  depots 146.  28 

1  Annual  Report.  Quartermaster  General,   War  £>epartiDent,  1909. 
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Fiscal  year  1910, 

Cavalry  horses,  average  contract  price $173. 24 

Artillery  horses,  average  contract  price 205.25 

Young  horses  for  remount  depots 127.45 

Fiscal  year  1911. 

Cavalry  horses,  average  contract  price $166.76 

Artillery  horses,  average  contract  price 212.17 

Young  horses  for  remount  depots 134.07 

The  age  at  which  young  horses  are  being  purchased  is  becoming 
less  than  was  originally  suggested,  quite  a  large  number  of  2-year- 
olds  being  selected.  Mainly,  however,  these  horses  are  3  years  old, 
and  few,  if  any,  4-year-olds  are  bought. 

It  is  expected  that  eventually  all  the  horses  supplied  to  the  Army 
will  be  purchased  in  this  way.  In  fact,  the  contract  system  of  buying 
is  even  now  more  or  less  of  an  exception,  the  only  recent  contracts  of 
importance  being  during  the  maneuvers  in  Texas. 

The  remount  plan  in  itself  has  everything  in  its  favor  and  practically 
nothing  against  it.  The  farmer  gets  a  fair  price  for  his  colt  rather 
than  a  poor  price  on  which  a  middleman  formerly  had  to  figure  a 
profit.  The  Army  now  has  a  range  of  selection  which  it  never  had 
before;  it  is  not  now  necessary  to  "take  the  cats  and  dogs"  or  go 
without  horses;  and,  above  all,  the  writer  ventures  the  assertion  that 
the  remount  system  has  had  a  decided  influence  on  the  horsemanship 
of  mounted  oflBcers  in  the  Army,  for  the  simple  reason  that  much  more 
interest  will  be  taken  in  a  better  horse  concerning  whose  breeding 
something  is  known  and  whose  history  is  known  practically  from 
birth. 

WEAK   POINTS    OF   THE   REMOUNT    SYSTEM. 

The  remount  system  has  two  weak  points,  which  are  not,  however, 
inherent  in  the  plan  itself,  but  obtain  in  the  conditions  surrounding 
the  horse-breeding  industry,  due  to  the  peculiar  developments  of 
horse  breeding  in  the  United  States  during  the  last  40  years  and  the 
average  man's  lack  of  ability  as  a  horse  breeder. 

The  scarcity  of  suitable  horses, — ^The  scarcity  of  horses  of  the  light 
type,  from  which  the  Army  supply  must  come,  has  been  fully  set 
forth  in  the  foregoing  pages.  Under  the  present  peace  footing  the 
Army  can  and  will  obtain  a  fairly  satisfactory  supply  of  horses  by 
the  remount  system ;  it  can  keep  a  staff  of  oflBcers  in  the  field  looking 
for  horses  just  as  a  large  city  firm  of  horse  dealers  keeps  its  buyers 
traveling,  although  at  greater  expense,  because  the 'Army  is  looking 
for  only  a  few  classes  of  horses,  while  the  city  firm  handles  all  kinds; 
the  numbers  the  dealer  purchases  are  therefore  much  larger  and  the 
average  expense  to  be  charged  against  each  horse  is  correspondingly 
less.  It  is  not  claimed  that  the  Army  can  not  now  find  the  mounts 
needed  xmder  the  present  peace  footing  by  means  of  the  remount 
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plan  of  purchase  and  development,  but  it  is  claimed  that  there  is  no 
reserve ;  that  a  demand  for  a  considerable  increase  in  the  number  of 
horses  used  annually  by  the  Army — such,  for  instance,  as  would  be 
necessary  in  case  of  war — could  not  be  supplied  in  a  satisfactory 
manner  from  the  supply  of  horses  now  in  the  United  States,  large  in 
numbers  as  that  supply  is  known  to  be ;  and  it  is  also  claimed  that  in 
the  comparatively  near  future  the  developments  of  the  horse  indus- 
try will  be  such  that  unless  steps  are  taken  to  stimulate  a  waning  in- 
dustry by  Government  encouragement  the  Army  will  be  able  to  obtain 
its  necessary  horses  only  at  greatly  increased  expense.  The  light 
type  of  horse  will  become  more  and  more  difficult  to  obtain,  and  the 
Army  horse  scarcer  and  scarcer.  The  Army  can  not  be  mounted  on 
draft  horses,  and  our  farmers  are  now  raising  nearly  two  draft  colts 
to  one  light  colt. 

People  not  closely  familiar  with  the  agricultural  development  of 
the  coimtry  are  wont  to  read  complacently  the  magazine  articles  in 
which  the  wonderful  development  of  the  West  is  set  forth  in  glowing 
terms.  They  are  told  that  the  settler  is  slowly  but  surely  encroaching 
on  the  ranchman,  that  the  saddle  and  lariat  are  giving  way  to  the 
plow  and  harrow,  and  homes  are  building  where  cattle  and  horses 
roamed  before.  They  do  not  realize  that  this  western  country  was 
once  the  range  of  thousands  of  horses  which  were  useful  for  Army 
purposes,  and  that  the  inevitable  result  of  the  new  development  in 
the  agriculture  of  that  section  is  to  make  horses  and  cattle  scarce. 
They  read  of  the  wonderful  agriculture  of  the  corn  belt,  the  produc- 
tion of  cereals,  the  massive  machinery,  etc.,  not  realizing  that  the 
farmer  is  compelled  by  these  conditions  to  get  a  maximum  amount  of 
horsepower  out  of  each  work  animal,  to  have  his  horses  as  large  of 
frame  and  as  small  in  number  as  possible. 

The  tide  in  favor  of  heavy  draft  animals  on  farms  where  topo- 
graphical and  climatic  conditions  favor  their  use  will  not,  and  doubt- 
less can  not,  be  turned.  There  is  no  reason  why  it  should  be  turned. 
The  Army  must  look  elsewhere  for  its  supply,  and  it  is  only  plain 
business  foresight  and  judgment  for  the  Government  to  encourage  the 
breeding  of  a  type  of  horse,  in  suitable  localities,  that  will  be  useful 
not  only  for  the  Army  but  satisfactory  to  the  farmer  as  well. 

Loch  of  system  in  breeding  methods. — ^The  remount  system  as  at 
present  established  is  also  incomplete  in  that  it  provides  no  means 
whereby  the  breeding  of  horses  of  the  proper  type  can  be  encouraged. 
Everyone  knows  the  innate  fascination  for  the  average  mare  owner 
to  see  how  many  different  experiments  he  may  make  in  mating.  He 
may  own  a  good,  useful  type  of  mare,  and  he  will  breed  to  Standard- 
bred,  draft,  pony,  saddle,  and  Thoroughbred  stallions,  hit  or  miss, 
and  not  hesitate  to  try  a  jack  to  see  what  that  will  bring.  The  Army 
^^^^  will  doubtless  do  all  in  their  power  to  advise  mare  owners 
^^  >  breed,  but  their  advice  can  only  carry"  such  weight  as  more  or 
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less  acquaintance  between  the  owner  and  the  oflBoer  may  effect.  The 
only  way  to  get  anywhere  in  breeding  is  to  be  systematic,  to  adopt  a 
policy  and  stick  to  it.  The  man  who  is  always  talking  about  crossing 
is  usually  the  man  who  has  more  mongrels  than  his  neighbors.  The 
man  who  can  cross  successfully  is  the  able  breeder  who  needs  no  advice 
or  assistance  and  who  breeds  horses  far  above  the  Army  standard. 

The  experiment  made  in  Virginia  in  the  spring  of  1911  ^  shows  that 
farmers  will  welcome  an  invitation  to  enter  into  cooperation  with  the 
Government  in  the  production  of  horses  for  the  Army.  It  appeals 
both  to  patriotism  and  the  pocketbook.  If  such  a  plan  is  put  into 
effect,  the  Government  will  know  where  horses  are,  it  will  know  what 
they  are,  and  it  will  be  able  to  find  and  obtain  them  at  a  minimum 
cost. 

A  PLAN  TO  ENCOURAGE  THE  BREEDING  OP  HORSES  FOR  THE  ARMY. 

With  the  establishment  of  direct  purchases  from  farmers  in  con- 
nection with  the  remount  system,  Army  officers  almost  immediately 
found  that  it  was  not  an  easy  task  to  find  the  required  number  of 
suitable  horses  and  the  matter  was  soon  given  consideration  by  the 
War  Department,  with  the  result  that  the  Secretary  of  War  laid  the 
matter  before  the  Secretary  of  Agriculture  in  1910  and  representa- 
tives of  the  two  departments  were  designated  to  devise  means  to 
remedy  the  situation.  The  result  was  a  plan  for  the  encouragement 
of  breeding  horses  for  the  Army.  This  plan  appears  in  full  in  the 
Report  of  the  Chief  of  the  Bureau  of  iVnimal  Industry  for  the  fiscal 
3^ear  1910.^  In  brief,  the  plan  was  drawn  so  as  to  provide  in  time  for 
a  sufficient  number  of  remounts  annually  for  the  mounted  service  of 
the  Army  on  the  present  peace  footing.  The  country  is  to  be  divided 
into  four  breeding  districts  and  100  stallions  purchased  to  stand  for 
service  free  of  charge  for  approved  sound  mares,  the  mare  owner  to 
give  in  return  an  option  on  the  resulting  foal  during  the  year  it  is 
3  years  of  age.  The  localities  suggested  for  breeding  districts  are 
those  where  conditions  are  especially  suited  for  horse  raising,  where 
the  prevailing  type  of  mares  is  most  likely  to  approach  that  desired 
for  the  Army,  where  a  light  type  of  horse  will  always  in  the  long 
run  be  the  most  profitable  to  the  farmer  and  draft  horses  least  likely 
to  obtain  a  firm  foothold,  and  where  mares  are  sufficiently  numerous 
to  give  the  stallions  maximum  service. 

Fifty  Thoroughbred  stallions,  25  Standardbreds,  15  Saddle  stal- 
lions, and  10  Morgans  are  suggested. 

ARGUMENTS  FOR  AND  AGAINST  THE  PLAN. 

Two  arguments  have  been  advanced  against  this  plan — ^the  first, 
that  it  is  unnecessary  because  horses  of  the  desired  type  are  plentiful ; 

*  See  p.  122.  *  See  pp.  34-46  of  this  volume. 
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the  second,  that  by  adding  the  amount  suggested  for  the  breeding 
appropriation  ($250,000  the  first  year  and  $100,000  in  succeeding 
years)  to  the  amount  now  appropriated  for  the  purchase  of  horses 
for  the  Army,  and  thus  adding  $50  to  $100  to  the  average  price  paid 
for  horses,  the  necessary  number  could  easily  be  obtained. 

The  writer  believes  that  the  figures  shown  on  page  107  for  the  rela- 
tive numbers  of  purebred  draft  stallions  in  various  States  effectually 
answer  the  first  argument.  It  must  be  again  plainly  pointed  out 
that  there  are  now  probably  enough  horses  annually  available  for  the 
requirements  of  the  present  peace  footing  of  the  Army.  The  country 
should  in  wisdom,  however,  provide  for  a  reasonably  sufficient  supply 
in  case  of  war,  and  it  should  take  steps  to  check  the  unquestionable 
decrease  in  the  breeding  of  light  horses.  Cavalry  is  of  the  utmost 
importance  in  warfare,  and  we  must  sooner  or  later  either  encourage 
the  breeding  of  horses  for  the  mounted  service  of  the  United  States 
Army  or  dismount  the  cavalry. 

The  second  argument  voices  a  popular  appeal  which  carries  con- 
siderable weight,  but  it  is  very  doubtful  whether  it  would  in  any 
measure  bring  about  the  desired  result.  Let  it  be  repeated  that  the 
Army  is  now  paying  good  prices  to  farmers  for  the  horses  it  buys. 
Officers  claim  that  they  are  paying  somewhat  more  than  farmers  have 
usually  received  for  such  horses.  One  hundred  and  fifty  dollars  for 
an  unbroken  3-year-old  colt,  or  $125  for  a  2-year-old,  are  not  starva- 
tion prices  as  farmer's  colts  run.  The  purchasing  officers  are  buying 
in  the  face  of  the  competition  of  other  buyers.  For  the  Government 
to  add  gratuitously  $50  or  $100  to  the  price  now  paid  would  be  reek- 
loss  and  wasteful  extravagance.  This  argument  has  been  advanced 
by  persons  who  do  not  seem  to  realize  the  difference  between  the  direct 
system  of  buying  young  horses  for  the  remount  stations  and  the  old 
system  of  buying  by  contract  mature  horses  for  direct  issue  to  troops. 
The  former  eliminates  the  middleman's  profit  and  gives  the  farmer  a 
fair  price;  the  latter  gave  the  farmer  a  price  which  was  far  below 
what  a  good  mature  horse  was  worth,  and  the  whole  system  worked 
against  getting  good  horses.  If  the  contract  system  only  were  con- 
sidered, adding  $50  to  $100  to  a  minimum  contract  price  might  have 
some  effect,  but  the  contractor  would  probably  be  the  principal 
gainer.  The  price  paid  by  the  Army  for  horses  is  now  governed  by 
supply  and  demand,  just  as  that  of  any  other  conmiodity. 

Again,  if  a  given  sum  were  added  to  the  average  purchase  price 
and  the  country  were  plunged  into  war  where  large  numbers  of 
horses  were  needed,  $50  to  $100,  nor  twice  those  amounts,  would 
not  supply  the  demand  unless  horses  of  draft  breeding  were  taken. 
Witness  the  New  York  police  department,  with  a  contract  price  of 
$372.50  per  head,  scouring  the  country  for  75  saddle  horses  per  year 
of  certain  definite  specifications. 
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Lastly,  the  Government  would  be  no  further  ahead  than  before  by 
adoptmg  such  a  policy.  The  Government  would  have  absolutely 
nothing  to  show  for  the  added  expenditure.  The  horses  would  be 
no  better  and  would  last  no  longer.  The  same  unsystematic  methods 
now  prevailing  would  still  prevail.  On  the  other  hand,  with  the 
expenditure  for  breeding  recommended  by  the  Agricultural  and  War 
Departments,  the  Government  would  be  able  to  develop  a  systematic 
and  economical  system  of  breeding;  it  would  know  what  was  wanted 
and  would  get  it.  It  would  also  insure  a  reserve  supply  of  horses 
if  needed.  It  would  not  be  worth  while  for  the  Government  to  pay 
$50  to  $100  per  head  as  a  bonus  or  gratuity  to  the  owners  of  colts, 
but  it  would  be  well  worth  that  much  for  the- Government  to  know 
what  it  was  getting  when  a  colt  was  purchased  as  a  remount,  to  know 
that  the  horses  bought  for  the  Army  were  bred  for  that  purpose,  and 
that  there  were  others  to  select  from  if  needed.  A  further  advantage 
which  would  accrue  to  the  Government's  profit  would  be  that  the 
exact  location  of  available  young  horses  would  always  be  known, 
and  no  time  would  be  lost  in  hunting  for  them;  much  of  the  inci- 
dental expense  which  is  now  necessary  for  traveling  could  therefore 
be  saved. 

What  to  do  with  horses  bred  under  this  plan  on  which  the  Gov- 
ernment does  not  exercise  its  option  is  not  a  difficult  problem.  It  is 
proposed  to  use  only  first-class,  sound  stallions,  with  good  conforma- 
tion and  action.  These  stallions  would  be  better  than  the  average, 
and  it  is  reasonable  to  suppose  that  their  get  would  be  also.  Such 
being  the  case,  those  of  the  get  which  were  not  taken  by  the  Govern- 
ment would  be  suitable  for  various  uses  as  general-purpose  horses, 
for  farm  work,  saddle,  etc.  If  the  breeding  plan  is  once  put  into 
complete  operation  there  is  no  doubt  that  European  buyers  would 
be  ready  to  take  whatever  they  could  obtain.  It  is  also  reasonable 
to  suppose  that  on  account  of  the  high  character  of  the  stallions  the 
percentage  of  unsound  get  would  be  below  the  average. 

The  effect  which  the  plan  would  have  on  horse  breeding  in  general 
would  be  decidedly  beneficial.  It  would  in  the  first  place  call  atten- 
tion to  the  advantages  of  certain  localities  for  horse  breeding  and  the 
suitability  of  certain  breeds  to  certain  localities  (which  has  been 
neglected  in  the  United  States  in  all  lines  of  stock  breeding),  and 
would  therefore  encourage  specialization  in  horse  breeding.  It  would 
give  system  in  breeding  where  little  now  exists;  and  above  all,  it 
would  direct  immediate  attention  to  the  objection  to  the  use  of  an  im- 
sound  horse  for  breeding  purposes,  for  no  unsound  stallion  would  be 
used  nor  an  unsound  mare  bred. 
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THE  PRESENT  HORSE-BREEDING  WORK  OF  THE  DEPARTMENT  OP 
AGRICULTURE   AND   ARMY    HORSE   BREEDING. 

Shortly  after  the  presentation  of  the  army  horse-breeding  plan  to 
Congress,  Mr.  August  Belmont,  of  New  York,  offered  the  Govern- 
ment the  use  of  two  of  his  best-known  Thoroughbred  stallions,  Henry 
of  Navarre  and  Octagon,  to  be  used  to  encourage  the  breeding  of 
army  remounts.  These  horses  stood  during  the  season  of  1911  at 
Front  Royal,  Va.,  and  were  available  for  public  service  on  the  terms 
outlined  in  the  Government's  plan.  About  50  mares  were  bred,  and 
options  were  taken  on  the  colts  at  $150  each  at  3  years  of  age.  The 
agreements  were  so  drawn  that  the  Government  would  waive  its 
option  on  horses  pronlising  to  mature  over  16  hands.  Half-breds  over 
16  hands  in  Virginia  furnish  the  most  of  the  high-class  hunters  from 
that  section,  and  a  concession  on  that  point  was  deemed  desirable. 

Mares  bred  were  required  to  be  straight-gaited  trotters  without 
faulty  conformation,  such  as  curby  hocks,  and  free  from  the  following 
hereditary  unsoundnesses :  ^  Bone  spavin,  ringbone,  sidebone,  heaves, 
stringhalt,  roaring,  periodic  ophthalmia,  lameness  of  any  kind,  and 
blindness,  partial  or  complete. 

The  experience  of  the  department  in  this  case  has  demonstrated 
that  the  Army  horse-breeding  plan  is  practical.  Mare  owners  will- 
ingly enter  into  the  agreement  when  they  realize  that  it  is  one  of 
mutual  advantage.  No  difficulty  whatever  was  experienced,  and  a 
much  larger  number  of  mares  would  have  been  bred  had  the  horses 
reached  Virginia  somewhat  earlier  and  had  Octagon  not  had  a  serious 
attack  of  distemper  shortly  after  his  arrival. 

The  expenses  of  this  trial  have  been  slight,  but  such  as  have  been 
incurred  have  been  paid  from  the  appropriation  for  cooperative 
experiments  in  animal  feeding  and  breeding,  in  the  act  of  Congress 
making  appropriations  for  the  Department  of  Agriculture,  which 
provides  authority  for  such  experiments.  It  is  really  only  an  experi- 
ment, but  so  far  as  it  has  gone  it  is  satisfactory.  It  should  now  be 
followed  with  a  general  introduction  of  the  breeding  plan. 

The  work  in  carriage-horse  breeding  in  cooperation  with  the  Colo- 
rado Experiment  Station  may  have  some  bearing  on  the  work  of 
breeding  Army  horses,  as  the  stallions  bred  in  that  project  should 
make  useful  sires  of  artillery  remounts ;  and  the  Morgan  Horse  Farm 
may  produce  some  of  the  stallions  needed  for  the  New  England  dis- 
trict of  the  Army  horse-breeding  project.  However,  it  should  be 
specifically  stated  that  neither  project  was  outlined  with  the  Army 
demand  in  view.    The  Army  horse  project,  if  provided  for  by  Congress, 

^Thls  list  was  compiled  several  years  ago  by  the  Bureau  of  Animal  Industry  for 
another  purpose,  after  consultation  with  members  of  the  American  Veterinary  Medical 
Association  and  successful  horsemen  in  various  parts  of  the  country.  A  Morgan  stallion 
loaned  by  the  bureau  to  the  Massachusetts  Agricultural  College  stood  during  the  season 
of  1911  on  similar  terms,  with  satisfactory  results. 
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will  have  no  effect  whatever  on  the  purpose,  plan,  or  methods  of  either 
the  carriage  horse  or  Morgan  breeding  projects,  but  horses  bred  at 
those  stations  may  be  used  incidentally  in  the  Army  work. 

SUMMARY. 

1.  All  modem  countries,  except  those  in  America,  have  found  it  nec- 
essary to  encourage  the  breeding  of  horses  suitable  for  military 
purposes. 

2.  Little  or  no  difficulty  was  experienced  in  mounting  the  armies  of 
the  Civil  War  with  suitable  horses. 

3.  The  draft-horse  industry  has  been  developed  in  the  United 
States  since  the  Civil  War,  and  in  several  States  there  are  now  more 
than  four  times  as  many  purebred  draft  stallions  as  purebred 
Standardbred,  Thoroughbred,  and  coach  stallions,  notably  in  Iowa, 
Minnesota,  Nebraska,  North  Dakota,  South  Dakota,  and  Utah.  In 
North  Dakota  the  ratio  is  nearly  8  to  1. 

4.  The  difficulty  and  expense  of  obtaining  suitable  military  horses 
is  illustrated  by  the  mounted  police  of  our  cities,  whose  mounted 
patrolmen  combined  would  not  equal  a  regiment  of  cavalry  on  a  war 
footing.  The  New  York  police  department  buys  only  about  75  horses 
annually  for  its  mounted  police,  and  has  to  pay  nearly  $400  each  for 
them. 

5.  The  militia  requires  good  mounts  for  its  cavalry  and  artillery, 
but  must  depend  on  the  holdings  of  livery  stables  and  what  can  be 
picked  up  in  other  ways.  Very  little  systematic  work  has  been  done 
in  breeding  horses  for  the  militia. 

6.  The  moimted  service  of  the  Army  is  now  being  furnished  in  a 
satisfactory  manner  with  horses  purchased  and  developed  under  the 
remount  system. 

7.  An  outbreak  of  war  would  necessitate  at  once  more  than  twice 
the  number  of  horses  now  in  the  Regular  Army,  and  hostilities  would 
probably  require  complete  new  issues  every  four  to  six  months. 

8.  The  remount  system  is  working  satisfactorily,  but  it  will  never 
be  completely  effective  until  steps  are  taken  to  alleviate  the  present 
scarcity  of  horses  of  the  type  needed  for  military  purposes  and  to 
produce  such  horses  in  a  systematic. manner. 

9.  The  plan  devised  by  the  Agricultural  and  War  Departments  to 
encourage  the  breeding  of  horses  for  the  Army  is  necessary,  because 
horses  of  the  proper  type  are  not  sufficiently  numerous  to  supply  the 
Army  in  case  of  war,  arid  the  time  may  soon  come  when  it  will  be 
difficult  to  supply  those  needed  in  peace ;  it  is  economical,  because  the 
expense  of  the  plan,  averaged  on  the  colts  purchased,  would  be  met 
by  value  received,  in  the  better  quality  of  the  colt,  the  fact  that  he 
was  bred  for  the  purpose,  that  the  Government  would  know  what  it 
was  getting,  that  the  horses  needed  for  the  Army  would  be  more 
readily  found,  and  on  account  of  the  beneficial  effect  on  horse  raising 
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in  general.    It  is  practical,  as  has  been  shown  by  the  experiment  iu 
Virginia  during  the  season  of  1911. 

10.  To  add  $50  or  $100  to  the  price  now  paid  for  remounts  would 
be  wasting  money.  The  farmer  now  receives  as  good  a  price  for  his 
colts  from  the  Army  as  anyone  else  pays.  If  this  plan  were  pur- 
sued, the  Government  would  make  no  progress  whatever  toward  the 
solution  of  the  breeding  problem,  for  it  could  have  no  influence  on 
the  methods  used  except  in  an  indirect  and  futile  way. 

11.  The  general  effects  of  the  plan  on  horse  breeding  would  be 
decidedly  beneficial.  It  would  tend  to  specialize  horse  breeding,  it 
would  discourage  the  breeding  of  unsound  horses,  and  it  would  open 
up  the  market  for  horses  of  the  Army  type  hf  creating  a  supply  that 
foreign  buyers  would  soon  take  to  their  advantage. 

12.  The  horse-breeding  projects  of  the  Department  of  Agriculture 
now  in  progress  may  lend  somewhat  to  the  Army  horse  project,  but 
they  were  not  designed  with  that  in  vieiy,  and  it  would  not  be  pro- 
posed to  alter  their  purpose  on  account  of  the  Army  project 
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THE  PRINCIPLES  OF  BREEDING  AND  THE  ORIGIN  OF 
DOMESTICATED  BREEDS  OF  ANIMALS.' 

By  J.  Ck>88AB  EWABT,  M.  D.,  F.  R.  S., 
Regiua  Professor  of  Natural  History,  University  of  Edinburgh,  Scotland, 

INTRODUCTION. 

When  and  where  man  first  turned  his  attention  to  the  breeding 
and  rearing  of  animals  it  is  impossible  to  say,  because  we  have  no 
^  means  of  accurately  determining  the  age  of  the  deposits  in  which 
the  remains  of  domestic  animals  first  make  their  appearance.  It  is 
also  impossible  to  say  under  what  conditions  animals  Kved  when  first 
tamed.  Herodotus  tells  us  that  the  lake  dwellers,  who  inhabited  Lake 
Prasias  about  500  B.  C,  "  fed  their  horses  and  other  beasts  on  fish." 
But  while  some  of  the  domestic  animals  in  the  possession  of  the 
pile  dwellers  of  Europe  lived  under  unnatural  conditions,  the  domes- 
tic animals  belonging  to  the  people  who  in  prehistoric  times  occupied 
the  more  fertile  parts  of  central  Asia  probably  lived  under  nearly 
natural  conditions. 

The  most  striking  fact  about  the  modern  breeds  of  domestic  animals 
is  that  they,  as  a  rule,  consist  of  strains  which  often  differ  in  form, 
color,  and  disposition.  This  is  probably  due  to  the  fact  that  the 
stability  of  a  species  is  disturbed  by  domestication  and  because  in 
addition  to  artificial  selection  there  has  been  in  many  cases  an  almost 
complete  cessation  of  natural  selection.  But  even  in  prehistoric  times 
domestic  animals  varied.  That  they  began  to  vary  very  soon  after 
they  were  first  domesticated  is  clearly  shown  by  recent  explorations  in 
central  Asia. 

Of  these  recent  explorations  the  one  at  Anau,  in  Russian  Turke- 
stan, under  the  direction  of  Prof.  Raphael  Pumpelly  is  the  most 
suggestive  because  it  helps  us  to  realize  the  conditions  that  prevailed 
immediately  before  and  after  animals  were  first  domesticated.  In 
the  lowest  layers  of  one  of  the  two  huge  mounds  that  mark  the  sites 
of  long- forgotten  eastern  cities  only  wild  animals  were  represented, 
but  in  later  deposits  the  remains  of  domestic  and  wild  animals  were 
found  side  by  side.  Up  to  about  10  feet  from  the  foundations  of  the 
earliest  habitations  the  bones  of  a  wild  sheep,  a  wild  ox,  and  a  wild 
horse  were  found,  but  about  the  10-foot  level  there  were  in  addition 

*Thl8  article  was  delivered  by  the  author  In  the  form  of  five  lectures  at  the  Graduate 
School  of  Agriculture  held  at  Ames,  Iowa,  during  the  summer  of  1910. 
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remains  of  domesticated  sheep,  horses,  and  cattle.  At  first  there  was 
little  difference  between  the  bones  of  the  wild  and  the  tame  indi- 
viduals, but  the  upper  layers  contained  the  remains  of  smalL  cattle 
and  of  sheep  with  horns  distinctly  smaller  and  lighter  than  those 
of  the  wild  sheep  living  in  the  vicinity.  Hence  in  central  Asia,  as 
in  Europe,  we  seem  to  have  evidence  that  domestication  has  from 
the  first  led  to  variation  in  the  skull,  limbs,  horns,  etc. 

It  may  be  safely  assumed  that  in  addition  to  changes  in  the  skele- 
ton, which  likely  enough  escaped  the  notice  of  the  ancient  stock 
owners,  there  were  changes  in  conformation,  color,  coat,  and  horns, 
which  doubtless  attracted  quite  as  much  attention  in  prehistoric  times 
as  they  do  to-day.  When  it  was  observed  by  the  settlers  of  an  ancient 
oasis  that  the  domestic  sheep  in  their  horns  or  limbs  differed  from  the 
wild  sheep  on  the  adjacent  mountains,  or  that  the  domestic  cattle 
differed  from  the  wild  varieties  which  grazed  in  the  vicinity  of  the 
adjacent  forest,  the  more  thoughtful  inhabitants  would  wonder  how* 
the  changes  had  been  brought  about,  and  as  likely  as  not  endeavor  to 
account  for  them.  How  changes  in  size,  form,  color,  and  disposition 
of  horses,  sheep,  and  cattle  were  accounted  for  by  the  early  inhabit- 
ants of  Turkestan  it  is  impossible  to  say;  but  this  much  is  certain, 
that  at  a  very  remote  period  stock  owners  believed  that  some  modifi- 
cations resulted  from  maternal  impressions,  that  others  were  due  to 
the  females  being  "  infected  "  by  their  first  mate,  or  resulted  from 
acquired   (noncongenital)   characters  being  transmitted. 

EFFECT  OF  MATERNAL  IMPRESSIONS  ON  OFFSPRING. 

As  many  experienced  and  successful  modern  breeders  believe  that 
the  offspring  are  liable  to  be  influenced  by  parental  impressions  and 
hold  firmly  to  the  doctrine  of  "  infection,"  and  also  believe  that  ac- 
quired (noncongenital)  characters  are  transmitted,  it  will  be  well, 
before  dealing  with  the  principles  of  breeding,  to  refer  to  some  of  the 
beliefs  of  breeders. 

Many  of  the  modifications  met  with  in  domestic  animals  are 
believed  to  be  due  to  maternal  impressions.  Some  years  ago  a  phy- 
sician in  an  article  in  the  Lancet  on  maternal  impressions  said : 

The  belief  in  the  power  of  maternal  impressions  to  cause  deformities  In  the 
fetus  in  utero  was  pretty  general  in  the  medical  profession  up  to  the  beginning 
of  the  last  century,  and  even  at  the  present  day  there  are  not  a  few  medical 
men  who  are  unable,  in  the  face  of  many  well-authenticated  cases,  to  refuse  to 
believe  that  maternal  impressions  and  fetal  deformities  do  sometimes  stand  in 
the  relation  of  **  cause  and  effect,-*  even  though  it  be  Imwssible  to  say  definitely 
what  the  modus  operandi  la* 

About  10  years  ago  Dr.  A.  Russel  Wallace  sent  me  a  photograph  of 
a  boy  born  with  one  of  the  arms  amputated  below  the  elbow,  a  def orm- 


»  Lancet.     London,  Nov.  3,  1900. 
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ity  which  he  thought  might  be  due  to  parental  impressions.  In  many 
of  the  cases  recorded  there  is  the  loss  of  several  fingers  or  of  the 
entire  hand.  One  can  understand  how  fingers  or  an  arm  might  be 
amputated  by  the  umbilical  cord  or  by  a  clot  interfering  with  the 
circulation,  but  it  is  difficult  to  conceive  how  maternal  impressions 
can  reach  and  materially  alter  the  structure  of  the  fetus.  When 
experimenting  with  rabbits  a  litter  made  its  appearance,  including 
three  individuals  with  shriveled-up  tails,  which  eventually  disap- 
peared. I  accounted  for  the  abnormal  tails  not  by  the  maternal- 
impression  doctrine,  but  by  assuming  that  the  circulation  in  the 
caudal  vessels  had  been  interfered  with.  As  deformities  often  occur 
when  there  is  no  history  of  maternal  impressions,  and  as  there  is  no 
means  known  by  which  impressions  can  be  conveyed  from  the  mother 
to  the  fetus,  breeders  need  not  anticipate  that  owing  to  the  influence 
of  maternal  impressions  a  certain  percentage  of  their  young  stock 
will  be  annually  born  with  imperfect  limbs  or  other  deformities. 

But  while  breeders  may  admit  that  maternal  impressions  are  not 
likely  to  lead  to  deformities,  they  often  believe  that  the  color  of  birds 
and  mammals  is  liable  to  be  influenced  by  the  surroundings.  The 
patriarch  Jacob,  by  placing  peeled  wands  before  the  fulsome  ewes, 
indicated  that  he  believed  the  color  of  the  offspring  depended  to  a 
certain  extent  on  the  color  of  the  objects  seen  by  the  ewes  while  con- 
ceiving. There  are  still  breeders  who  follow  the  example  of  Jacob. 
A  writer  in  Bibby's  Quarterly  some  years  ago  pointed  out  that  the 
offspring  of  fowls  are  liable  to  resemble  in  color  the  hens  seen  by 
their  parents  in  a  neighboring  run,  and  Prof.  Wallace,  in  his  work 
on  Farm  Live  Stock  of  Great  Britain*  (1907),  says:  "The  color  of 
any  object  at  which  an  animal  looks  while  conceiving  or  during  the 
early  stages  of  pregnancy  may  sometimes  govern  the  color  of  the 
young."  In  support  of  this  view  it  is  mentioned  that  a  breeder 
"succeeded  in  preventing  his  black  polled  Angus  cows  from  breed- 
ing red  or  broken  calves  by  putting  up  a  high  black  fence  round  the 
paddock  in  which  he  mated  them  as  they  came  in  season,  thus  pre- 
venting their  seeing  the  parti-colored  cattle  of  his  neighbors." 

Reference  is  also  made  to  "one  of  the  most  remarkable  cases  of 
the  influence  of  imagination  on  the  color  of  cattle."  In  this  case 
Aberdeen- Angus  cows  which  never  saw  cattle  "of  broken  colors" 
had  pure  black  calves,  while  cows  pastured  in  a  field  from  which 
Ayrshire  cattle  were  visible  produced  several  badly  marked  calves 
annually.  It  is  possible  that  the  black  Angus  cows  in  some  incom- 
prehensible way  were  so  influenced  by  the  gaudily  colored  Ayrshires 
in  the  adjoining  field  that  they  produced  broken-colored  calves,  but  I 
think  there  is  another  and  better  explanation.    The  Angus  polled 

^Llve  Stock  of  Great  Britain,  1907,  p.  12. 
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breed  is  a  blend  of  several  varieties  which  varied  in  color  from  black 
through  brown,  red,  and  yellow-dun  to  white.  Evidence  of  this  we 
have  from  a  Banffshire  writer,  who  tells  us  that  early  in  the  nine- 
teenth century,  though  the  favorite  color  of  Aberdeen- Angus  cattle 
was  black,  the  brindles  were  esteemed,  the  dun  not  disliked,  but  the 
white  or  streaked  were  little  sought  after.  Until  it  is  proved  that 
the  broken  colors  which  now  and  again  appear  in  the  polled  Angus 
breed  are  not  due  to  reversion,  it  seems  unnecessary  to  believe  that 
they  are  due  to  maternal  impressions.  If  I  were  a  breeder  of  Aber- 
deen-Angus cattle  I  would  not  erect  a  high  black  fence  as  an  insur- 
ance against  broken  colors. 

TELEGONY. 

Physiologists  and  breeders  have  long  believed  that  the  first  sire 
not  only  contributes  traits  to  his  own  offspring,  but  also  to  some  of 
the  subsequent  offspring  by  other,  it  may  be,  very  different  sires. 
They,  to  use  the  words  of  Agassiz,  hold  "  that  the  act  of  fecundation 
is  not  an  act  which  is  limited  in  its  effect,  but  that  it  is  an  act  which 
affects  the  whole  system,  the  sexual  system  especially;  and  in  the 
sexual  system  the  ovary  to  be  impregnated  hereafter  is  so  modified 
by  the  first  act  that  later  impregnations  do  not  efface  that  first  im- 
pression." Some  others  agree  with  Carpenter  that  when  "infec- 
tion "  occurs  "  the  blood  of  the  female  has  imbibed  from  that  of  the 
fetus  through  the  placental  circulation  some  of  the  attributes  which 
the  latter  has  derived  from  its  male  parent,  and  that  the  female  may 
communicate  these  with  those  proper  to  herself  to  the  subsequent  off- 
spring of  a  different  male  parentage." 

Others  agree  with  Herbert  Spencer  that  germ  plasm  passes  from 
the  developing  embryo  into  the  tissues  of  the  parent  to  be  afterwards 
incorporated  in  at  least  some  of  the  germ  cells  as  they  reach  ma- 
turity, while  others  hold  with  Weismann  that  if  there  is  such  a 
thing  as  telegony  some  of  the  unused  germ  plasm  of  the  first  mate 
penetrates  the  immature  ova  and  eventually  takes  part  in  controlling 
the  development  of  offspring  by  subsequent  mates. 

Those  who  believe  that  the  infection  is  brought  about  by  protoplas- 
mic masses  finding  their  way  from  the  fetal  membranes  into  the  circu- 
lation of  the  mother  say  that  telegony  occurs  only  in  mammals,  but 
those  who  believe  that  infection  is  due  to  some  of  the  unused  germ 
cells  of  the  first  sire  penetrating  the  immature  ova  admit  that  teleg- 
ony may  occur  in  birds  as  well  as  in  mammals. 

At  the  end  of  the  seventeenth  century  evidence  in  support  of  in- 
fection was  generally  obtained  from  mule-breeding  establishments, 
but  later  believers  in  the  infection  doctrine  were  indebted  for  their 
most  striking  cases  to  dog  breeders.  Though  as  a  rule  mares  and 
bitches  which  had  produced  offspring  to  a  sire  belonging  to  an  alien 
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race  or  breed  were  regarded  as  "  corrupted,"  mares  which  had  been 
used  for  mule  breeding  were  sometimes  sought  after,  because  it  was 
believed  they  yielded  more  vigorous  offspring  to  sires  of  their  own 
kind.  This  may  be  gathered  from  a  statement  made  by  Beecher,  a 
physiologist  who  lived  at  the  beginning  of  the  eighte^ith  century. 
Writing  on  infection,  he  said : 

When  a  mare  has  had  a  mule  by  an  ass  and  afterwards  a  foal  by  a  honto 
there  are  evident  marks  in  the  foal  of  the  mother  having  retained  some  ideas 
of  her  former  paramour,  the  ass,  from  which  such  horses  are  commended  on 
account  of  their  tolerance  and  other  similar  qualities. 

Though  Herbert  Spencer  and  other  philosophers  believed  in  in- 
fection, and  Darwin  believed  that  the  characters  of  the  subsequent 
offspring  were  affected  by  the  first  sire,  telegony  has  never  been  re- 
garded as  an  important  factor  in  the  evolution  of  species.  The  only 
thing  believers  in  the  infection  doctrine  insisted  on  was  that  an  in- 
fected female  could  not  be  trusted  to  produce  pure  offspring  to  a 
member  of  her  own  breed.  It  hence  follows  that  infection  may  be 
regarded  as  of  minor  importance  except  in  so  far  as  it  affects 
breeders. 


Believers  in  telegony  find  the  best  support  for  their  doctrine  in  ex- 
periments initiated  about  the  beginning  of  the  nineteenth  century 
by  Lord  Morton  with  a  view  to  domesticating  the  quagga.  Lord 
Morton  secured  a  male  quagga,  but  having  failed  to  obtain  a  female 
the  domestication  experiments  were  abandoned.  Had  a  female  been 
available  the  quagga,  instead  of  being  extinct,  might  have  been 
added  to  t)ur  list  of  domestic  animals.  In  the  absence  of  a  female 
quaggft?  Lord  Morton  mated  his  quagga  stallion  with  "a  young 
chestnut  mare  of  seven-eighths  Arabian  blood"  which  had  never 
been  bred  from.  The  result  was  a  female  hybrid  "  bearing  both  in 
her  form  and  in  her  color  very  decided  indications  of  her  mixed 
origin."  The  chestnut  seven-eighths  Arab  mare,  having  passed  into 
the  hands  of  Sir  Gore  Ouseley,  produced  fo  a  "very  fine  black 
Arabian  stallion"  a  filly  foal  in  1818  and  a  colt  foal  in  1819.  On 
August  11,  1820,  Lord  Morton  examined  the  filly  and  the  colt,  and 
on  the  day  following  wrote  an  account  of  them  to  the  president  of 
the  Royal  Society.    In  this  letter  Lord  Morton  says : 

The  2-year-old  Ally  and  yearling  colt  have  the  character  of  the  Arabian  breed 
as  decidedly  as  can  be  expected  where  fifteen-sixteenths  of  the  blood  are 
Arabian ;  they  are  fine  specimens  of  that  breed,  but  both  in  their  color  and  in 
the  hair  of  their  manes  they  have  a  striking  resemblance  to  the  quagga.  Their 
color  is  very  marked,  more  or  less  like  the  quagga  in  a  darker  tint  Both  are 
distinguished  by  the  dark  line  along  the  ridge  of  the  back,  the  dark  stripes 
across  the  forehand,  and  the  dark  bars  across  the  back  part  of  the  legs.  The 
stripes  across  the  forehand  of  the  colt  are  confined  to  the  wither^  and  to  the 
r—11 ^9 
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part  of  the  neck  next  to  them.  Those  on  the  fllly  cover  nearly  the  whole  of 
the  neck  and  the  back  as  far  as  the  flanks.  The  color  of  her  coat  on  the  neck 
adjoining  to  the  mane  is  pale  and  approaching  to  dun,  rendering  the  striped 
more  conspicuous  than  those  on  the  colt.  The  same  pale  tint  appears  In  a  less 
degree  on  the  rump,  and  in  this  circumstance  of  the  dun  tint  also  she  resembles 
the  quagga. 

Both  their  manes  are  black ;  that  of  the  filly  is  short,  stiff,  and  stands  upright, 
and  Sir  Gore  Ouseley's  stud  groom  alleged  that  it  nevCT  was  otherwise.  That 
of  the  colt  is  long,  but  so  stiff  as  to  arch  upward  and  to  hang  clear  of  the  sides 
of  the  neck,  in  which  circumstance  it  resembles  that  of  the  hybrid.  This  is  the 
more  remarkable,  as  the  manes  of  the  Arabian  breed  hang  lank,  and  closer  to 
the  neck  than  those  of  most  others.  The  bars  across  the  legs,  both  of  the 
hybrid  and  of  the  colt  and  fllly,  are  more  strongly  deflned  and  darker  than  those 
on  the  legs  of  the  quagga,  which  are  very  slightly  marked;  and  though  the 
hybrid  has  several  quagga  marks,  which  the  colt  and  fllly  have  not,  yet  the  most 
striking — namely,  the  stripes  on  the  forehand — ^are  fewer  and  less  apparent 
than  those  on  the  colt  and  fllly. 

The  points  of  special  interest  in  this  letter  are : 

1.  The  bars  across  the  legs  of  the  hybrid,  the  colt,  and  the  filly 
were  more  strongly  defined  than  the  stripes  on  the  legs  of  the  quagga. 

2.  The  stripes  on  the  forehand  of  the  colt  and  filly  were  more 
numerous  and  more  distinct  than  in  the  hybrid. 

3.  The  mane  of  the  yearling  colt  was  long,  but  so  stiff  that  it 
arched  upward  so  as  to  hang  clear  of  the  neck. 

4.  The  mane  of  the  2-year-old  filly  was  short,  stiff,  and  upright. 
According  to  Sir  Gore  Ouseley's  stud  groom  the  mane  had  been  stiff 
and  upright  from  the  first. 

That  the  bars  across  the  legs  of  the  hybrid,  colt,  and  filly  were 
more  strongly  defined  and  darker  than  in  the  quagga  is  borne  out  by 
drawings  by  Agasse  in  the  Museum  of  the  Royal  College  of  Sur- 
geons, London. 

As  in  Arabs  and  Arab-pony  crosses  the  legs  are  sometimes  dis- 
tinctly striped ;  the  presence  of  bars  on  the  legs  of  the  colt  and  filly 
can  not  be  regarded  as  affording  evidence  of  infection.  The  same 
may  be  said  of  the  indistinct  markings  across  the  neck,  withers,  and 
back  of  the  filly,  for  in  oriental  ponies  stripes  sometimes  occur  across 
the  back,  and  there  may  even  be  spots,  as  in  zebra  hybrids,  over  the 
hind  quarters. 

As  the  chestnut  dam  of  the  filly  was  purchased  in  India,  it  may 
very  well  have  been  a  descendant  of  the  striped  Kathiawar  race. 
Further,  as  the  sire  of  the  filly  was  black,  it  is  extremely  unlikely  that 
he  belonged  to  one  of  "  the  five  "  recognized  pure  Arab  strains.  It 
is  admitted  that  the  chestnut  mare  was  not  a  pure  Arab,  and  we 
know  that  even  high-caste  Arabs  are  a  blend  of  several  types.  As 
in  the  quagga  hybrid  there  were  only  three  stripes  across  the  withers, 
it  seems  to  me  extremely  probable  that  the  numerous  faint,  ill-defined 
stripes  on  the  neck  and  back  of  the  filly  are  best  accounted  for  by 
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assuming  that  the  filly  had,  in  its  coat,  reverted  toward  a  remote 
striped  ancestor,  from  which  Kathiawar  and  other  eastern  striped 
breeds  had  in  part  descended. 

But  while  in  the  stripes  we  have  insufficient  evidence  of  infection, 
we  seem  to  have  the  evidence  required  in  the  short,  stiff,  upright  mane 
of  the  filly.  Lord  Morton  examined  the  filly  in  August,  1820.  In  the 
following  summer  the  drawings  of  the  colt  and  filly  in  the  Museum  of 
the  Royal  College  of  Surgeons  were  made  by  Agasse,  one  of  the  most 
reliable  animal  painters  of  the  first  half  of  the  nineteenth  century. 
Agasse  represented  the  mane  of  the  filly  as  lying  to  one  side  of  the 
neck. 

If  up  to  August,  1820,  the  mane  was  naturally  short,  stiff,  and 
upright,  it  is  difficult  to  imderstand  why  it  was  lying  to  one  side 
when  Agasse  made  his  sketches  in  the  following  sununer.  In  the 
Equidse  there  is  always  an  intimate  relation  between  the  mane  and 
the  tail.  When  the  upper  part  of  the  dock  carries  long  hairs,  the 
hairs  of  the  mane  are  long;  when  it  carries  short  hairs,  many  of 
which  are  annually  shed,  the  ipane  consists  of  short  hairs.  Judging 
by  the  condition  of  the  tail  in  Agasse's  drawing,  the  mane  of  the 
filly  should  be  long  and  cling  to  the  neck. 

From  a  study  of  Arab  crosses  I  should  not  be  surprised  to  find 
in  an  Arab  characterized  by  a  prominent  forehead,  high  withers,  and 
a  high-set-on  tail  a  short  mane  which  arched  to  one  side  of  the  neck, 
but  a  mane  of  this  kind  would  be  accompanied  by  a  somewhat  mule- 
like tail.  Usually  the  mane  falls  to  one  or  both  sides  of  the  neck 
when  the  foal  is  about  5  months  old.  It  is  conceivable  that  in  the 
Gore  Ouseley  filly  the  mane  retained  the  upright  position  an  unusu- 
ally long  time,  but  it  is  also  possible  that  notwithstanding  the  state- 
ment of  the  stud  groom  the  mane  of  the  filly  had  been  hogged. 
If  removed  about  the  middle  of  February  it  would  be  about  6  inches 
long  and  still  upright  on  the  occasion  of  Lord  Morton's  visit  on  the 
11th  of  August. 

Though  Darwin  came  to  the  conclusion  that  "there  can  be  no 
doubt  that  the  quagga  affected  the  character  of  the  offspring  subse- 
quently got  by  the  black  Arabian  horse,"  a  critical  consideration  of 
the  Morton-Ouseley  experiment  in  the  light  of  recent  knowledge 
indicates  that  the  evidence  in  support  of  the  chestnut  mare  endowing 
her  offspring  by  the  black  Arabian  with  some  of  the  characteristics 
of  her  first  mate,  the  quagga,  rests  on  a  very  slender  basis. 

THE  author's  experiments. 

Seeing  that  physiologists  as  well  as  breeders  20  years  ago  believed 
that  infection  was  common  and  that  Weismann  admitted  that  the 
belief  in  telegony  might  be  justifiable  and  founded  on  fact  and  indi- 
cated that  he  would  accept  a  case  like  that  of  Lord  Morton's  mare  as 
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satisfactory  evidence  if  it  were  quite  beyond  doubt,  I  decided  in 
1895  to  repeat  as  accurately  as  possible  the  Morton-Ouseley  experi- 
ment on  a  fairly  large  scale. 

In  course  of  time  a  stud  was  formed,  including  over  50  mares  of 
various  races  and  breeds,  a  Burchell  zebra  stallion,  Matopo,  and 
two  mares  of  the  Chapman  variety.  One  out  of  4  chestnut  mares, 
2  out  of  6  black  mares,  2  out  of  5  skewbald  mares,  14  out  of  21  bay 
mares,  and  1  out  of  17  mares  of  dun-gray,  roan,  and  other  colors 
were  eventually  successfully  mated  with  the  zebra  stallion,  but  only 
13  of  the  20  mares  served  proved  fertile.  The  13  mares  produced 
from  first  to  last  16  hybrids  by  the  zebra  stallion  and  22  foals  by 
Arab,  Thoroughbred,  Highland,  and  other  stallions.  Some  of  the 
mares  which  failed  to  breed  with  the  zebra  were  used  for  control 
experiments. 

The  first  hybrid  was  bom  August  12, 1896,  the  dam  being  Mulatto, 
a  black  Highland  pony  lent  by  Lord  Arthur  Cecil. 

In  1897  Mulatto  had  a  foal  to  Benazrek,  a  gray  Arab  stallion.  As 
this  subsequent  foal  of  Mulatto  was  indistinctly  striped,  I  was  at 
first  inclined  to  believe  she  had  been  infected  by  her  first  sire,  the 
zebra  Matopo ;  but  when  more  richly  striped  purebred  foals  were  ob- 
tained later  by  Benazrek  out  of  Highland  mares  which  had  never 
even  seen  a  zebra,  it  became  evident  that  Mulatto  afforded  no  evi-. 
dence  in  support  of  the  infection  doctrine. 

Lord  Morton's  quagga  counted  for  so  little  in  the  hybrid  out  of 
the  chestnut  Arab  mare  that  its  right  to  be  regarded  as  a  hybrid 
has  been  questioned.  Matopo,  however,  proved  so  impressive  that 
all  his  hybrid  offspring  plainly  indicated  their  descent  from  a  richly 
striped  zebra. 

On  the  other  hand,  the  subsequent  foals  (by  Arab  and  other  stal- 
lions out  of  the  mares  which  proved  fertile  with  Matopo)  differed 
so  profoundly  from  hybrids  (even  when,  as  was  sometimes  the  case, 
they  had  bars  on  the  legs  and  faint  stripes  across  the  withers)  that* 
they  afforded  no  evidence  that  the  first  male  influences  "  the  progeny 
subsequently  borne  by  the  mother  to  other  males." 

OTHER  EXPERIMENTS  AND  VIEWS  ON  THE  "  INFECTION  "  THEORY. 

While  I  was  experimenting  in  Scotland  with  a  Burchell  zebra  of 
the  Chapman  variety  Baron  de  Parana  was  using  a  true  Burchell 
zebra  for  breeding  hybrids  in  Brazil.  The  Brazil  hybrids  were 
as  richly  striped  as  the  hybrids  bred  in  Scotland.  Nevertheless 
the  purebred  foals  out  of  mares  used  in  the  Brazil  experiments 
neither  recalled  the  previous  zebra  mate  nor  in  any  way  resembled 
zebra  hybrids.  Baron  de  Parana,  in  addition  to  confirming  the  re- 
sults obtained  with  zebras  in  Scotland,  acquired  valuable  informa- 
tion from  American  mule-breeding  establishments. 
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Plate  VI. 


FiQ.  1.— Male  Quagqa  Used  in  Lord  Morton's  Experiments. 


Fig.  2.— Hybrid  from 

Lord  Morton's  Quagqa  ang 
Arab  Mare. 
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Fig.  3.— Filly  Out  of  the  Chestnut  Arab  Mare  by  a  Black 
Arab  Stallion. 
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Plate  VII. 
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FiQ.  1.— Black  Highland  Pony  Mulatto  and  Her  Hybrid  Romulus  by  the 
BuRCHELL  Zebra  Matopo. 
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Fig.  2.— Skewbald  Iceland  Pony,  Her  Filly  Circus  Girl,  and  Sir  John. 
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Mr.  Darwin,  in  discussing  infection,  says : 

It  is  worthy  of  note  that  fanners  in  south  Brazil  (as  I  hear  from  BYitz  Mul- 
ler)  and  at  the  Cape  of  Good  H<^)e  (as  I  have  heard  from  two  trustworthy 
correspondents)  are  convinced  that  mares  which  have  once  borne  mules  when 
subsequently  put  to  horses  are  extremely  liable  to  produce  colts  striped  like  a 
mule. 

A  very  different  report  comes  from  Baron  de  Parana,  who  writes : 

I  have  many  relatives  and  friends  who  have  large  establishments  for  the 
rearing  of  mules  where  they  obtain  400  to  1,000  mules  in  a  year.  In  all  these 
establishments,  after  two  or  three  crossings  of  the  mare  and  ass,  the  breeders 
cause  the  mare  to  be  put  to  a  horse  because  they  believe  that  unless  the  mares 
are  changed  after  producing  three  mules  they  become  sterile.  In  all  these 
establishments  a  purebred  foal  has  never  been  produced  resembling  either  an 
ass  or  a  mule. 

Inquiries  made  in  the  West  Indies  and  in  Mexico  likewise  afforded 
no  support  to  the  view  that  mares  are  liable  to  be  infected  by  a  male 
ass  or  that  a  she  ass  is  ever  infected  by  a  horse.^ 

In  addition  to  making  experiments  with  zebras  and  horses  and 
with  asses  and  horses  I  have  experimented  with  horses  belonging  to 
different  breeds  and  to  different  strains  of  the  same  breed.  I  was 
led  to  do  this  because  of  the  belief  that  Thoroughbred  mares  are 
liable  to  be  infected  by  Shire,  Cleveland  Bay,  Hackney,  and  other 
sires  and  also  by  Thoroughbred  sires  belonging  to  different  strains 
or  families  and  because  it  is  said  a  coarse  Shire  mare  if  first  mated 
to  a  Thoroughbred  horse  will  subsequently  produce  improved  off- 
spring to  a  horse  of  her  own  type.  We  have  evidence  of  the  existence 
of  these  views  in  an  article  on  some  problems  of  stockbreeding  pub- 
lished in  1895  in  the  North  British  Agriculturist  .^  In  this  article  it 
is  stated  that  in  racing  studs  small,  weedy,  but  highly  bred  mares 
which  might  otherwise  produce  underbred  stock,  are  put  to  a  big 
coaching  or  hunting  sire  and  then  to  a  crack  Thoroughbred  in  order 
that  the  purebred  offspring  might  gain  size  and  substance  from  the 
previous  mate  through  their  half  brothers. 

Further  evidence  of  the  belief  in  infection  is  seen  in  statements 
to  the  effect  that  several  foals  got  by  Actaeon  (for  some  time  a 
member  of  the  royal  stud  at  Hampton  Court)  presented  unequivocal 
marks  of  Colonel,  the  former  mate  of  their  respective  dams,  and 
that  mares  mated  with  the  bald-faced  chestnut  horse,  Blair- AthoU, 
subsequently  produced  Blair- AthoU-like  foals  to  sires  of  a  very 
different  type.  It  was  also  asserted  that  mares  were  infected  by 
Camel,  Hermit,  and  many  other  Thoroughbreds. 

By  means  of  experiments  and  by  investigating  so-called  cases  of 
infection  in  Thoroughbred  and  other  studs  I  arrived  at  the  conclusion 

1  There  is,  for  example,  no  evidence  that  Sweepstakes,  the  dam  of  Star  Pointer  and  other 
great  pacers,  was  depreciated  by  first  producing  a  couple  of  mules. 
«  Finlay  Dun.     North  British  Agriculturist.     Jan.  2,  1895. 
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that  mares  are  neither  liable  to  be  infected  by  a  sire  belonging  to 
a  different  breed  nor  by  a  sire  belonging  to  a  different  type  of  the 
same  breed.  The  peculiar  marks,  gait,  etc.,  supposed  to  have  been 
inherited  from  the  previous  sire  could  generally  be  accounted  for  by 
reversion  to  a  not  very  remote  ancestor. 

From  the  General  Stud  Book  one  ascertains  that  brothers  and 
sisters  have  frequently  been  interbred.  When  a  brother  and  sister 
are  the  offspring  of  parents  belonging  to  different  types  they  are 
in  a  Mendelian  sense  hybrids.  A  certain  number  of  the  offspring 
of  such  hybrids  revert,  and  thus  lead  the  breeder  to  assume  that  the 
dam  has  been  infected.  But  while  some  of  the  reversions,  supposed 
to  be  due  to  infection,  can  be  explained  by  Mendel's  law,  there 
are  others  not  so  easily  accounted  for.  Reference  has  already  been 
made  to  the  belief  in  Brazil  that  unless  mares  which  have  reared 
two  or  three  mules  are  put  to  a  horse  they  are  liable  to  become  sterile. 
The  belief  that  the  energies  of  a  mare  are  often  severely  taxed  by 
bringing  forth  and  rearing  a  mule  is  supported  by  my  telegony 
experiments.  Moreover,  the  view  that  hybrids  and  crosses  exhaust 
the  dam  more  than  purebred  offspring  is  held  by  breeders  of  sheep 
as  well  as  by  breeders  of  mules.  It  is  said,  for  instance,  that  Cheviot 
ewes  after  having  lambs  to  Border-Leicester  rams  are  "  more  difficult 
to  feed,  more  broken  down,  and  hence  less  valuable  than  after  having 
lambs  to  rams  of  their  own  breed." 

Recent  inquiries  seem  to  indicate  that  the  growth  and  maturation 
of  the  germ  cells  in  the  ovaries  vary  with  the  condition  of  the  in- 
dividual in  which  they  are  lodged.  For  example,  when  100  ewes 
are  well  fed  during  and  for  some  weeks  before  tupping  time,  200 
lambs  may  be  expected — ^that  is,  about  50  more  than  would  arrive 
under  ordinary  conditions.  On  the  other  hand,  if,  during  gestation, 
sheep  are  underfed,  the  germ  cells  may  suffer  from  malnutrition,  with 
the  result  that  in  the  following  autumn  there  is  a  scarcity  of  ripe 
follicles  and  the  relatively  small  number  of  offspring  produced  may 
fall  considerably  below  the  average  standard  of  the  herd  to  which 
they  belong,  and  in  some  cases  there  may  even  be  reversion  to  an- 
cestral types.  Hence,  when  considering  peculiarities  in  purebred 
offspring  coming  after  crosses  or  hybrids,  one  should  bear  in  mind 
that  individuals  developed  from  ijisufficiently  nourished  ova  may  in 
form  or  color  resemble  remote  ancestors. 

That  the  germ  cells  may  be  influenced  in  cows  as  in  sheep,  used 
for  breeding  crosses,  is  suggested  by  the  following  case:  In  1902, 
two  pure  Ayrshire  heifers  were  mated  with  a  Shorthorn  bull.  The 
result  was  two  white  calves.  In  1903  the  same  two  Ayrshire  cows 
were  put  to  an  Ayrshire  bull,  but  instead  of  producing  calves  of 
the  usual  Ayrshire  form  and  color  they  had  strawberry-roan  calves, 
which  hav^  grown  into  cows  with  the  face,  hind  quarters,  and  hips 
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SO  closely  resembling  Shorthorns  that  they  might  readily  pass  as 
Shorthorn  crosses.  Some  would  doubtless  account  for  the  1904 
calves  acquiring  Shorthorn  characteristics  by  saying  their  dams  had 
been  infected  by  their  previous  Shorthorn  mate.  There  is,  however, 
a  simpler  explanation,  namely,  that  so  much  nourishment  was  re- 
quired by  the  1903  crossbred  calves  during  development  that  the 
next  crop  of  ova  were  insufficiently  nourished,  the  result  being  that 
the  1904  calves  reverted  toward  ancestors  which  happened  in  face, 
hind  quarters,  and  hips  to  resemble  Ayrshire-Shorthorn  crosses. 
Had  the  1904  (the  "subsequent")  calves  been  white  like  the  1903 
Ayrshire-Shorthorn  crosses,  the  evidence  of  infection  would  have 
been  considerable,  but  as  the  1904  calves  were  of  a  strawberry-roan 
color  it  seems  to  me  that  the  evidence  must  be  regarded  as  support- 
ing reversion.  This  view  is  strengthened  by  the  fact  that  purebred 
Ayrshires  sometimes  in  face,  hind  quarters,  and  hips  suggest  Short- 
horns. 

In  addition  to  experimenting  with  the  Equidee,  numerous  ex- 
periments were  made  with  sheep,  goats,  dogs,  cats,  rabbits,  fowls, 
pheasants,  ducks,  and  pigeons,  without  obtaining  any  valid  evidence 
of  the  infection  doctrine. 

In  1893  Romanes  started  discussions  on  telegony  in  the  principal 
breeders'  and  fanciers'  journals  in  England  and  America  and  en- 
tered into  private  correspondence  with  contributors  of  the  largest 
experience  and  with  professional  and  amateur  breeders.  As  a  result 
of  the  discussions  and  correspondence  ind  of  experiments  designed 
to  yield  positive  results,  Romanes  came  to  the  conclusion  that  infec- 
tion is  of  much  less  frequent  occurrence  than  is  generally  sup- 
posed— that  instead  of  being  common  it  occurs  only  in  1  or  2  per 
cent  of  cases.  Sir  Everett  Millais,  a  great  authority  on  dog  breed- 
ing, after  making  over  60  experiments  with  birds  and  mammals, 
came  to  a  similar  conclusion.  Millais  heard  of  numerous  so-called 
cases  of  infection  from  America  and  the  Continent  of  Europe,  but 
he  stated  that  not  a  single  case  would  "bear  a  critical  inspection 
for  a  moment." 

A   REMARKABLE  CASE  OF  REVERSION  IN  DOG  BREEDING. 

As  a  result  of  the  experiments  made  during  the  latter  part  of  the 
nineteenth  century  a  number  of  breeders  not  only  lost  faith  in  the 
infection  doctrine,  but  actually  submitted  evidence  in  support  of  the 
view  that  the  germ  cells  are  neither  infected  by  unused  germ  cells 
of  the  first  sire  nor  by  protoplasmic  masses  from  the  fetus  reaching 
the  ova  through  the  blood  of  the  mother.  On  the  other  hand  I  am 
assured  that  in  both  the  Old  World  and  the  New,  even  breeders  who 
admit  that  the  evidence  in  support  of  telegony  is  far  from  convincing, 


Digitized  by  LjOOQ IC 


136  27th  bepobt,  bureau  op  animal  industby. 

as  a  rule  welcome  any  fresh  cases  which  seem  to  support  the  infection 
doctrine.  This  view  is  supported  by  the  foUowing  extract  from  the 
letter  of  an  experienced  and  extremely  well-informed  breeder : 

I  shaU  take  telegony  first,  as  it  is  and  has  always  been  my  favorite  subject 
Do  breeders  as  a  rule  believe  in  it?  Well,  I  am  afraid  they  do.  I  say  afraid,  as 
the  big  majority  of  breeders  do  not  do  their  own  thinking,  and  at  any  rate 
very  few  do  so  to  the  extent  they  ought  to.  To  most  I  fear  telegony  is  a  fine- 
sounding  word,  its  borders  are  wide  and  its  depths  deep,  and  because  of  this 
it  has  been  accepted  when  on  the  same  grounds  a  more  innocent-looking  problem 
would  have  been  disbelieved.  Personally  I  have  proved  it  to  be  a  fallacy  with 
a  fine  name.  ♦  ♦  ♦  Ninety-eight  breeders  out  of  a  hundred  believe  in  it; 
the  ninety-ninth  pretends  he  doesn't,  but  In  reality  does;  the  hundredth  is 
told  to  prove  there  is  nothing  in  telegony,  although  the  onus  of  proof  lies  with 
the  98.  I  have  bred  prize  d<{gs,  cats,  cavies,  mice,  pigeons,  and  poultry  for  20 
years ;  kept  pedigrees  most  carefully,  even  to  color,  characteristics,  and  idiosyn- 
crasies. I  have  experimented  liberally  and  scores  of  times  have  had  results 
which  a  less  careful  student  would  have  written  down  as  typical  examples  of 
telegony.  But  the  results  were  Invariably  a  complete  denial  of  telegony;  on 
the  other  hand  they  affirmed  unbelievable  power  of  reversion.  Many  of  my 
friends  knew  of  my  experiments  and  they  liked  nothing  better  than  to  swamp 
my  belief  in  their  so-called  proofs.  One  morning  a  man  who  had  tabooed 
telegony — or  pretended  to — wrote  saying  he  had  undoubted  proof  of  the  truth  of 
telegony.  The  proof  was  a  litter  of  puppies  from  a  tan  Dachshund  bitch  and  a 
tan  dog  (both  parents  had  long  pedigrees  of  tan  or  black-and-tan  ancestors,  as 
most,  Indeed  all.  Dachshunds  have).  Those  puppies  had  pure-white  bodies  with 
tan  cheeks  and  ears.  Now,  the  dam  had  made  a  mesalliance  In  her  first  "  heat " 
with  a  white  Fox  Terrier  with  tan  cheeks  and  ears.  Truly,  victory  seemed  with 
the  enemy.  I  said  to  my  friend  that  although  the  puppies  were  white  and 
fawn  they  were  In  make  and  character  pure  Dachshunds  and  that  the  terrier 
would  have  had  more  effect  than  merely  on  the  color  of  the  puppies.  As  that 
was  not  satisfying  to  my  friend  I  set  about  the  solution.  The  dam's  pedigree 
after  the  sixth  generation  was  **  wrapt  in  mystery,"  and  it  was  there  I  sought 
the  color  cause.  After  some  difficulty  I  traced  the  last-mentioned  ancestor's 
owner  and  discovered  her  In  a  well-known  lady  breeder  of  years  ago  whose 
hobby  was  white  Dachshunds  with  tan  cheeks  and  ears,  a  variety  she  exhib- 
ited occasionally  and  which  she  had  originally  brought  from  Germany.  So 
there  again  It  was  reversion  and  not  telegony. 

When  the  owner  of  the  tan  Dachshimds  was  presented  with  a  lit- 
ter of  white  puppies  with  fawn  cheeks  and  ears  after  a  litter  by  a 
white  Fox  Terrier  with  tan  cheeks  and  ears,  it  was  not  surprising  he 
believed  that  a  genuine  instance  of  telegony  had  at  last  arrived.  It 
is,  however,  remarkable  that  it  was  possible  to  show  that  the  advent 
of  the  white  Dachshunds  was  undoubtedly  due  to  reversion.  Seeing 
that  the  purebred  litter  of  white  Dachshunds  followed  the  crossbred 
litter  by  the  Fox  Terrier,  it  is  conceivable  that  (as  seems  to  be  the 
case  in  mares  and  sheep  used  to  breed  crosses)  the  ova  from  which 
the  purebred  white  Dachshunds  were  developed  had  suffered  from 
innutrition,  or  from  some  subtle  change,  which  resulted  in  reversion 
to  fairly  remote  ancestors. 
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ALLEGED   INFECTION   OF  THE  MALE. 

As  it  happens,  there  are  breeders  who,  though  believing  that  the 
female  is  not  liable  to  be  infected  by  the  male,  are  convinced  that  the 
male  is  sometimes  infected  by  the  female.  Recently  a  breeder  refused 
to  aUow  his  Jersey  buU  to  serve  a  Shetland  cow  I  was  experimenting 
with  on  the  ground  that  the  bull  might  subsequently  introduce  the 
characteristics  of  the  old  Shetland  race  into  his  Jersey  herd. 

When  it  was  first  suggested  that  the  male  might  be  the  means  of 
transferring  traits  from  one  race  or  breed  to  another  it  is  impossible  to 
say.  By  way  of  proving  that  the  male  may  be  influenced  by  the  fe- 
male it  has  often  been  stated  that  a  bull  which  was  put  to  a  wild  cow 
at  Chillingham  produced,  when  afterwards  used  with  Shorthorns,  off- 
spring having  the  characteristics  of  British  "  wild  "  cattle. 

It  Is  not  related  how  the  male  conveys  the  characters  of  one  race 
or  breed  to  another ;  it  is  inconceivable  that  the  immature  germ  cells 
of  the  male  can  be  infected  by  his  mate,  and  it  has  not  been  suggested 
that  they  are  modified  by  mental  impressions.  As,  however,  experi- 
ments afford  no  support  to  this  superstition,  there  is  no  need  to 
discuss  how  a  male  may  be  so  influenced  that  he  is  able  to  impart  to 
the  members  of  his  own  race  the  characteristics  of  a  different  (it  may 
be  remotely  related)  race. 

SATURATION. 

It  has  often  been  asserted  that  each  successive  child  more  closely 
favors  the  father,  and  that  the  mother  with  each  child  she  bears  more 
closely  resembles  her  husband  in  appearance  and  disposition.  In 
support  of  this  view  it  is  said  that  the  children  of  a  white  man  and 
a  negro  woman  successively  exhibited  more  and  more  the  European 
features  and  complexion. 

In  the  "Encyclopaedia  of  the  Stable,"  published  this  year  (1910), 
it  is  stated  that  many  breeders  believe  that  a  mare  which  is  repeatedly 
served  by  the  same  horse  and  breeds  a  foal  to  him  each  time  is  likely 
to  produce  offspring  more  and  more  like  their  sire  every  year.  The 
belief  that  the  dam  more  and  more  resembles  the  sire  to  which  she 
bears  offspring  is  now  known  as  the  saturation  theory.  If  there  is 
such  a  thing  as  saturation,  it  interests  breeders  not  because  the  dam 
acquires  the  traits  of  the  sire,  but  because  the  offspring  progressively 
become  more  and  more  like  the  sire. 

Some  years  ago  Bruce  Lowe  directed  the  attention  of  breeders  to 
the  saturation  doctrine.  He  pointed  out  that  "with  each  mating 
and  bearing  the  dam  absorbs  some  of  the  nature  or  actual  circulation 
of  the  yet  unborn  foal  until  she  eventually  becomes  saturated  with 
the  sire's  nature  or  blood,  as  the  case  may  be."  Bruce  Lowe  believed 
that  certain  breeding  characters  are  for  several  generations  always 
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transmitted  by  the  dam,  hence  the  unportance  of  the  dam  being 
saturated  by  the  "  nature  or  blood  "  of  a  good  sire. 

It  is  doubtless  true  that  in  some  families  the  younger  children  more 
closely  resemble  the  father  than  the  elder  children,  but  it  is  also  true 
that  in  other  families  the  older  children  take  after  the  father  while 
the-younger  children  resemble  the  mother. 

Experiments  with  pigeons  and  rabbits  indicate  that  whether  the 
offspring  take  after  the  sire  or  the  dam  depends  in  some  cases  on  the 
age  and  vigor  of  the  parents.  A  male  wild  blue-rock  pigeon  mated 
when  barely  mature  with  a  vigorous  white  fantail  hen  produced,  to 
start  with,  a  pure  white  bird  in  form  resembling  a  fantail  but  de- 
cidedly deficient  in  vigor.  When  the  blue  rock  was  somewhat  older 
his  offspring  with  the  white  fantail  were  blue  and  in  the  tail  and 
other  respects  more  closely  resembled  their  sire.  Similar  residts  were 
obtained  with  a  young  male  blue  rock  and  a  black  barb.  When  barely 
mature  females  were  mated  with  mature  males,  the  young  first 
hatched  resembled  the  sire;  the  subsequent  young  were  sometimes 
intermediate,  sometimes  they  closely  resembled  the  dam. 

That  in  supposed  cases  of  saturation  the  vigor  as  well  as  the  age 
should  be  taken  into  consideration  is  suggested  by  experiments  with 
Indian  blue-rock  pigeons.  A  mature  male  Indian  blue  rock  soon 
after  its  arrival  in  England  was  mated  with  a  half-bred  turbit  with 
reddish  wings  and  shoulders,  but  otherwise  white.  The  hybrid,  ob- 
tained was  of  a  reddish  color  and  in  form  resembled  the  half-bred 
turbit.  Unable  to  account  for  the  mature  Indian  blue  rock  counting 
for  so  little  in  the  offspring,  I  had  the  blood  examined,  with  the 
result  that  the  corpuscles  were  found  to  be  infected  by  the  parasite 
known  as  Ildlteridiivm^  When  after  a  lapse  of  some  months  the 
parasites  disappeared  from  the  blood  and  the  vigor  was  restored 
the  Indian  blue  rock  was  again  mated  with  the  half-bred  turbit, 
with  the  result  that  a  pair  of  birds  were  obtained  presenting  all  the 
characteristics  of  the  Indian  variety  of  the  wild  blue-rock  pigeon. 
It  may  be  remarked  that  the  pigeon  experiments  afford  no  evidence 
in  support  of  the  view  held  by  some  breeders  that  the  male  is  mainly 
responsible  for  the  external  structure,  outward  characteristics,  con- 
figuration^ and  the  locomotive  system,  while  the  female  determines 
the  internal  structure,  the  vital  organs,  and,  in  a  larger  proportion 
than  the  male,  the  constitutive  temper  and  habits. 

From  the  work  of  Mendel  and  his  followers  it  is  now  realized  that 
the  dominant  parent,  regardless  of  the  sex,  determines  the  characters 
of  the  offspring,  except  in  cases  of  six-limbed  inheritance. 

the  environment  in  breeding. 

Though  in  the  reproduction  of  domestic  animals  the  breeder  is 
the  chief  factor,  one  must  be  careful  while  magnifying  the  breeder's 
office  to  make  due  allowance  for  the  part  played  by  the  environment 
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In  some  cases  the  part  played  by  the  breeder  is  limited  to  select- 
ing from  amongst  the  individuals,  not  eliminated  by  the  environ- 
ment, those  nearest  to  the  type  aimed  at,  and  thereafter  deciding 
with  which  males  the  females  are  to  be  mated.  Hence  with  some  of 
the  tame  animals  (such  as  range  cattle  and  mountain  sheep),  as  is 
the  case  with  some  wild  forms,  the  environment  may  be  of  supreme 
importance. 

The  more  we  study  wild  animals  the  more  evident  it  becomes  that 
in  form,  color,  and  behavior  they  are  marvelously  adapted  for  their 
surroundings.  The  only  satisfactory  way  of  accounting  for  this 
adaptation  is  the  one  provided  by  the  doctrine  of  natural  selection — 
the  forms  now  living  fit  their  respective  habitats  because  the  en- 
vironment has  selected  the  varieties  best  adapted  for  the  conditions 
which  at  the  moment  prevail,  the  races  which  failed  to  vary  suffi- 
ciently to  provide  material  for  a  changing  environment  to  select  from 
having  disappeared. 

It  is  hardly  necessary  to  point  out  that  some  domestic  animals  are 
so  well  adapted  for  their  surroundings  that,  if  allowed  to  run  wild, 
they  would  survive  without  undergoing  any  marked  change  in  either 
form,  color,  or  behavior.  But  while  some  domestic  breeds  are  nearly 
as  well  adapted  for  their  surroundings  as  wild  animals,  others  have 
been  so  modified  by  artificial  selection  that  were  they  set  free  they 
would  be  rapidly  exterminated. 

In  the  case  of  some  wild  animals  man  forms  an  important  item  in 
the  environment,  but  not  a  few  still  live  and  move  and  have  their 
being  without  at  any  time  coming  within  the  range  of  human  in- 
fluence. Man  comes  into  contact  with,  and  more  or  less  influences, 
wild  forms  as  a  sportsman  and  as  a  fisherman,'  as  a  stock  owner,  as 
an  agriculturist,  and  in  many  other  ways.  His  influence  may  be  so 
limited  that  it  is  barely  appreciable,  or  so  profound  that  it  eventually 
leads  to  extinction.  In  some  cases,  by  providing  food  and  shelter, 
by  eliminating  weaklings  and  now  and  again*  introducing  fresh 
blood,  man  places  wild  animals  in  nearly  the  same  position  as  do- 
mestic animals. 

In  the  reproduction  of  wild  animals  there  is  a  limit  to  the  part 
played  by  the  environment,  and  in  the  reproduction  of  domestic 
animals  there  is  a  limit  to  the  part  played  by  the  breeder.  The  en- 
vironment determines  which  varieties  shall  survive  and  thus  provides 
the  best  available  material  possible  for  the  reproduction  of  the 
species.  But  while  the  environment  secures  that  on  an  average  the 
fittest  wild  varieties  survive,  it  never  interferes  with  their  mating. 
In  some  cases  (notwithstanding  Wallace's  criticism  of  Darwin's 
doctrine  of  sexual  selection)  the  females  select  their  mates,  in  other 
cases  which  of  several  possible  mates  will  eventually  be  available  is 
settled  by  combat,  while  in  others  there  is  no  evidence  of  selection 
by  the  females  and  little  or  no  evidence  of  conflict  between  the  mal' 
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THE  EFFECT  OF  ENVIRONMENT  ON  VARIATION. 

It  has  often  been  assumed  that  the  environment  is  a  direct  cause  of 
variation;  that  is,  it  leads  to  the  appearance  of  new  varieties.  Re- 
cently Prof.  Klebs  pointed  out  that  under  very  favorable  conditions 
of  nutrition  a  rosette  of  the  houseleek,  Sempervivum  funckn^  "  ripe 
to  flower,  can  be  transformed  again  into  a  vegetative  one,  which  must 
always  grow  without  sexual  reproduction,"  "  that  flowers  vary  in  an 
exceedingly  high  degree  under  certain  conditions,"  and  that  some  of 
the  seedlings  derived  from  seeds  of  flowers  artificially  altered 
"showed  surprising  deviation  in  their  flowers."*  It  thus  appears 
that  by  modifying  the  environment  of  certain  plants  the  formation 
of  flowers  can  be  arrested  or  the  flowers  may  be  made  to  vary  to  a 
remarkable  extent,  and,  more  striking  still,  variations  artificially  ac- 
quired are  transmitted  to  some  of  the  offspring. 

That  some  of  the  lower  animals  vary  with  their  surroimdings  is 
indicated  by  the  behavior  of  the  shrimplike  crustacean  ArteTrda? 
In  a  lake  near  the  Black  Sea  with  water  containing  25  per  cent  of 
salt  Artemia  miilhausenii  is  c(Mnmon.  In  this  species,  which  only 
occurs  naturally  in  water  having  at  least  25  per  cent  of  salt,  the 
tail  ends  abruptly  in  two  short,  blimt,  round  lobes  devoid  of  hairs 
and  bristles.  In  an  adjoining  lake  with  water  having  only  4  per  cent 
of  salt  there  occurs  Artemia  salina^  a  brine  shrimp  characterized  by 
a  tail  which  ends  in  two  long,  pointed  lobes,  each  provided  with  nu- 
merous hairs  and  bristles  of  a  peculiar  structure. 

Artemia  miilhausenii  succumbs  if  transferred  from  water  having 
25  per  cent  to  water  having  only  4  per  cent  of  salt,  and  A,  salina  is 
just  as  incapable  of  withstanding  a  sudden  change  from  water  having 
4  per  cent  to  water  containing  25  per  cent  of  salt.  But  if  the  amoimt 
of  salt  is  reduced  very  slowly  A.  mulhauserdi  can  be  induced  to  live 
in  water  having  4  per  cent  of  salt.  As  the  amount  of  salt  is  reduced 
A.  miilhausenii  is  gradually  altered  until  it  is  eventuaUy  identical 
with  A.  salina.  By  gradually  increasing  the  saltness  of  the  water 
A.  salina  can  be  again  transformed  into  A,  m^iilhausenii.  On  the 
other  hand,  when  the  amount  of  salt  is  reduced  A.  salina  assumes 
the  form  of  A.  hranchipus^  a  form  so  different  from  A.  salina  that  it 
was  originally  placed  in  a  different  genus.  Because  changes  in  the 
environment — in  the  food,  light,  temperature,  etc. — ^lead  to  remark- 
able changes  in  the  houseleek,  and  because  by  altering  the  salinity 
of  the  water  the  brine  shrimp  Artemia  miilhausenii  is  transformed 
into  A.  salina  J  it  does  not  follow  that  the  environment  is  a  cause  of 
variation,  but  rather  that  in  certain  forms  there  are  latent  possibili- 
ties which  undergo  development  when  the  appropriate  stimuli  are 
applied. 

I  Nature.     June  2,  1910,  p.  414. 

9  Schmankewltch.     Zeitschrlft  far  Wissenschaftliche  Zoologie.     Vol.  XXV. 
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Breeders  and  writers  on  the  principles  of  breeding  with  rare  ex- 
ceptions assume  that  the  environment  has  played  an  all-important 
part  in  the  making  of  domestic  animals. 

In  the  Cyclopedia  of  American  Agriculture  *  Prof.  F.  B.  Mumf ord 
says : 

The  principal  causes  of  variation  are  unquestionably  climate  and  food,  and 
of  these  the  greatest  single  cause  Is  excessive  food  supply. 

In  support  of  the  statement  that  climate  and  food  are  principal 
causes  of  variation  it  is  mentioned  that  horses  taken  to  the  barren 
and  cold  islands  of  Shetland  become  gradually  smaller  and  hardier, 
like  ponieSj  and  the  hair  becomes  thicker  and  longer,  while  horses 
taken  to  the  rich  lowland  pastures  become  larger  and  more  powerful. 
Undoubtedly  the  environment  and  especially  food  profoundly  in- 
fluence the  size  of  both  plants  and  animals,  but  there  is  no  specific 
difference  between  a  large  pine  and  a  pine  dwarfed  by  skilled  Japa- 
nese gardeners,  or  between  an  Indian  washerwoman's  8-hand  donkey 
and  an  Italian  donkey  measuring  15  hands  at  the  withers.  No  one 
doubts  that  individuals  living  under  unfavorable  conditions — pro- 
vided with  little  food  and  little  or  no  shelter — are  smaller  than 
individuals  living  under  favorable  conditions,  but  a  difference  in 
size  does  not  entitle  a  race  to  be  regarded  as  belonging  to  a  different 
species.  Moreover,  reduction  in  size  is  probably  never  entirely  due 
to  the  climate  and  food;  there  is  in  addition  selection  and  probably 
also  in-and-in  breeding.  In  the  case  of  the  washerwoman's  donkey 
there  is  spontaneous  variation  as  in  more  favored  races.  The  small 
varieties  capable  of  subsisting  on  a  very  limited  amount  of  the  poor- 
est kind  of  food  have  a  better  chance  of  surviving  than  larger  and 
perhaps  more  fastidious  varieties. 

In  the  case  of  horses  taken  to  barren  and  cold  islands,  there  is  more 
scope  for  selection  than  in  the  case  of  donkeys,  because  domestic 
horses  include  small  as  well  as  large  species  amongst  their  wild  an- 
cestors, whereas  domestic  asses  have  apparently  all  sprung  from  one 
and  the  same  species — ^the  wild  ass  of  Nubia.  In  prehistoric  times 
there  were  two  small  species  of  horses  in  Britain,  one  with  a  fine 
narrow  face  and  slender  limbs  and  one  with  a  short,  broad  face  and 
coarse  limbs.  During  the  first  century  of  the  present  era  the  fine- 
limbed  race  was  represented  in  the  south  of  Scotland  by  ponies  be- 
tween 11  and  12  hands  at  the  withers  and  the  broad-browed  race  by 
ponies  between  10  and  11  hands.  It  is  not  recorded  when  horses 
first  reached  Shetland,  nor  yet  is  anything  known  of  the  size  or 
breeds  of  the  individuals  first  introduced.  But  from  the  first  cen- 
tury onward  Scotland,  in  addition  to  small  native  breeds,  has  had 
foreign  breeds  measuring  from  13  to  15  hands  at  the  withers.  If 
large  as  well  as  small  varieties  found  their  way  to  the  northern 

■  ^  Cyclopedia  of  American  Agriculture,  Vol.  Ill,  p.  34. 
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islands  the  probability  is  that  in  tjie  struggle  for  existence  the  small 
varieties  had  the  best  of  it.  That  this  actually  happened  is,  I  think, 
proved  by  the  fact  that  Shetland  ponies  taken  to  the  rich  lowland 
pastures  remain  small,  however  favorable  the  surroimdings. 

Animals  living  in  a  wild  state,  in  addition  to  being  closely  adapted 
to  their  environment  are,  as  a  rule,  extremely  stable.  Wild  species 
are  stable  because  individuals  out  of  touch  with  the  surroundings  are 
eliminated.  In  the  case  of  domestic  animals,  mutations  as  well  as 
slight  fluctuations  around  the  specific  mean  are  often  selected  by 
the  breeder.  This  causes  a  loss  of  stability  and  results  in  domestic 
animals  being  sometimes  out  of  sympathy  with  their  environment. 

In  studying  the  influence  of  the  environment  we  must  bear  in 
mind  that  all  animals  have  a  capacity  for  growth  and  that  this 
growth  takes  place  when  the  necessary  stimuli  are  applied  in  the 
form  of  food,  heat,  exercise,  etc.  Some  writers  on  heredity  make  no 
allowance  for  this  power  to  grow  in  several  more  or  less  fixed  direc- 
tions, and  they  also  forget  that,  owing  perhaps  to  the  molecular  in- 
stability of  the  germ  plasm,  there  is  a  tendency  to  grow  in  new 
directions — to  vary  spontaneously  quite  regardless  of  the  environ- 
ment. 

Others  fail  to  distinguish  between  quantitative  and  qualitative 
variations.  Prof.  Mumf ord  realizes  that  there  is  "  in  most  animals 
an  inherent  tendency  to  vary."  Nevertheless  (perhaps  because  he 
fails  to  distinguish  sufficiently  between  quantitative  and  qualitative 
variation)  he  asserts  that  climate  and  food  are  the  principal  causes 
of  variation. 

In  the  history  of  an  early  Spanish  voyage  it  is  recorded  that  a 
female  rabbit  having  had  a  litter  of  young  on  board,  they  were  all 
turned  loose  on  the  small  uninhabited  island  of  Porto  Santo,  near 
Madeira.  This  was  about  1419,  and  from  these  alone  the  island 
became  fully*  stocked  and  remains  so  still,  although  the  island  is 
now  fairly  peopled.  When  half  a  century  ago  Darwin  examined 
living  and  preserved  adult  specimens  of  the  Porto  Santo  rabbit  be 
found  that,  compared  with  the  wild  English  rabbit,  they  were  little 
more  than  half  the  weight  and  nearly  3  inches  less  in  length; 
that  the  supraorbital  processes  of  the  frontal  bone  were  narrower; 
that  they  differed  in  color,  the  upper  surface  being  redder  and  the 
lower  grayer,  and  the  upper  part  of  the  tail  being  reddish  brown 
instead  of  blackish  gray;  further,  the  tips  of  the  ears  were  without 
the  black  edging  of  our  wild  rabbits.  Moreover,  the  Porto  Santo 
rabbits  kept  in  the  Zoological  Gardens  were  unusually  wild  and 
active  and  almost  nocturnal  in  their  habits. 

The  reduction  in  size,  Russel  Wallace  thinks,  might*be  accounted 
for  by  the  larger,  more  bulky,  slower-moving  individuals  being  more 
easily  captured,  and  that  the  change  in  color  was  due  to  the  least  con- 
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spicuous  individuals  having  had  the  best  chance  of  surviving.  As 
their  enemies  increased  only  the  small  agile  protectively  colored 
individuals  would  have  a  chance,  and  eventually  only  those  which 
adopted  the  nocturnal  habit  and  were  extremely  wild  would  survive 
long  enough  to  leave  offspring.  These  and  other  changes  (with  per- 
haps the  exception  of  the  change  in  the  color  of  the  ears)  were  not 
due  to  the  direct  action  of  the  environment,  but  as  Russel  Wallace 
points  out,  "(1)  to  rapid  powers  of  multiplication;  (2)  to  that  small 
amount  of  variability  which  we  know'  occurs  in  all  such  animals; 
and  (3)  to  rigid  selection  through  diurnal  and  nocturnal  birds  of 
prey."  That  the  absence  of  the  black  edging  to  the  ears  was  due  to 
the  environment  may  be  inferred  from  the  fact  that  the  tips  of  the 
ears  of  the  specimens  kept  in  the  Zoological  Gardens  in  course  of 
time  acquired  black  edging. 

In  a  series  of  articles  on  heredity  published  in  the  Live  Stock 
Journal,  it  is  asserted  that  the  environment  not  only  induces  quanti- 
tative variation  but  is  the  chief,  if  not  the  only,  cause  of  qualitative 
variation.  Prof.  Wrightson,^  the  writer  of  the  articles,  states  that  if 
the  environment  is  not  the  cause  of  variation,  the  only  way  of 
acounting  for  "  animals  suiting  their  environments  is  that  they  were 
so  created — ^the  white  bear  for  the  polar  regions,  the  white  hare  for 
the  snowclad  hills."  Prof.  Wrightson  further  states  that  "  any  quality 
which  has  been  developed  within,  say,  100  years  from  the  present 
time,  must  be  an  acquired  property,  and  that  it  is  transmissible  to 
offspring  appears  quite  patent  to  anyone.  If  it  were  not  so,  there  can 
be  no  safety  in  pedigree."  Amongst  characters  caused  by  the  environ- 
ment are  included  early  maturity,  the  development  of  fattening  prop- 
erties, the  intelligence  of  shepherd  dogs,  the  courage  of  bulldogs,  and 
the  speed  of  racehorses. 

It  is  apparently  assumed  by  Prof.  Wrightson  that  one  set  of  condi- 
tions, regardless  of  the  breed,  induce  early  maturity  and  the  develop- 
ment of  fattening  properties;  that  by  generations  of  training,  regard- 
less of  selection  and  inborn  aptness,  shepherd  dogs  have  acquired 
intelligence  and  bulldogs  courage,  and  that  by  strenuous  exercise 
horses  under  certain  conditions  acquire  fleetness. 

Breeders  and  others  who  regard  the  environment  as  the  principal 
cause  of  variation  make  little  or  no  allowance  for  spontaneous  varia- 
tion. It  is  hardly  necessary  to  point  out  that  wild  animals  living  in 
captivity  vary  regardless  of  the  conditions;  some  thrive  better  than 
others  and  mature  earlier,  and  some  members  of  the  same  brood  or 
litter  excel  in  courage  or  intelligence,  speed,  or  agility. 

By  crossing  experiments  it  is  easy  to  prove  that  all  the  breeds  and 
strains  of  pigeons  are  related  to  the  blue-rock  pigeon,  Colinnha  livia^ 

*  Prof.  Wright80D*8  views  on  heredity  and  variation  seem  to  be  widely  held  by  English 
breeders. 
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and  that  all  the  tame  rabbits  are  related  to  the  common  wild  brown 
rabbit  Rabbits  and  pigeons  are  bred  and  reared  under  very  similar 
conditions  all  the  worid  over.  If  the  environment  is  the  chief  cause 
of  variation  tame  rabbits  and  pigeons  ought  to  be  all  very  much 
alike  instead  of  being  represented  by  numerous  varieties.  We  have 
a  great  variety  of  rabbits  and  pigeons,  not  because  of  the  influence 
of  various  kinds  of  environments,  but  because  spontaneous  variation 
has  provided  fanciers  with  abundance  of  material  for  selection. 

That  some  breeds  mature  early,  that  shepherd  dogs  are  intelligent, 
and  that  racehorses  are  fleet  can  be  more  easily  accounted  for  by 
spontaneous  variation  and  selection  than  by  the  environment. 
Though  the  environment  is  not,  as  Mumford  and  Wrightson  assume, 
a  principal  cause  of  qualitative  variation,  the  surroundings,  by  select- 
ing some  and  eliminating  others,  play  an  extremely  important  part 
in  deciding  the  fate  of  domestic  as  well  as  wild  animals. 

Mr.  Hagenbeck  in  his  book  on  "  Beasts  and  Men  "  says  he  is  "  con- 
vinced that  it  is  possible  to  transplant  lions  to  any  climate  whatso- 
ever," and  that  if  allowed  out  in  the  open  during  spring  when  they 
are  young,  the  weather  will  trouble  them  very  little  when  mature, 
even  if  allowed  out  every  day  during  winter. 

When  we  consider  that  not  a  few  wild  tropical  forms  can  adapt 
themselves  to  subarctic  conditions,  and  that  certain  arctic  species 
can  live  and  multiply  within  the  Tropics,  it  is  not  surprising  that 
many  domestic  animals  readily  adapt  themselves  to  new  surround- 
ings. In  some  cases  a  change  in  the  surroundings  proves  highly 
beneficial  and  gives  a  race  a  new  lease  of  life,  but  animals  which 
have  long  lived  under  domestication  find  it  impossible  to  support 
life  under  certain  changed  conditions.  Arab  horses  if  provided  with 
shelter  may  be  allowed  to  run  out  summer  and  winter  in  the  south 
of  England,  but  they  sooner  or  later  succumb  if  turned  out  on  a 
moor  in  Scotland  where  Highland  ponies  thrive. 

Though  it  is  impossible  to  outwinter  Arabs  bred  in  Scotland  in 
the  vicinity  of  the  Pentland  Hills,  ponies  imported  from  Java  after 
a  time  become  acclimatized  and  withstand  the  trying  Scotch  winter 
nearly  as  well  as  Iceland  ponies.  Perhaps  the  Java  ponies  do  bet- 
ter than  Arabs  because  they  acquire  a  heavier  coat  and  being  under 
11  hands  more  readily  find  shelter.  Strangely  enough,  the  wild 
horses  from  Mongolia  find  the  climate  of  Scotland  rather  trying; 
during  rainstorms  in  spring  they  seem  to  suffer  acutely.  Doubtless 
Prejvalsky's  horse  dislikes  the  conditions  which  prevail  in  spring 
in  Scotland,  because  in  his  ancestral  home,  the  Gobi  Desert,  the 
annual  rainfall  is  very  low — only  8  to  10  inches. 

This  view  is  supported  by  the  behavior  of  a  Mongolian  pony,  one 
of  the  foster  mothers  imported  with  the  Prejvalsky  foals.  This 
mare  did  badly  on  a  moor  which  proved  most  suitable  for  native 
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ponies.  Moreover,  her  yearling  filly  by  an  Arab  died,  and  subse- 
quently her  yearling  hybrid  by  a  Prejvalsky  stallion  did  so  badly 
that  he  also  died.  On  the  other  hand,  three  other  Prejvalsky  hy- 
brids (out  of  Highland  ponies)  which  grazed  along  with  the  Mon- 
gol hybrid  have  always  been  in  excellent  condition.  It  thus  ap- 
I)ears  that  an  environment  which  proves  highly  suitable  for  one 
breed  of  horses  may  prove  disastrous  to  other  breeds. 

This  is  also  true  of  cattle.  Highland  cattle,  for  example,  flourish 
where  other  breeds  languish  and  die;  but  even  the  hardiest  breeds 
of  cattle  sometimes  succumb  during  winter  in  areas  where  horses 
manage  to  get  a  living. 

One  of  the  most  important  parts  of  a  breeder's  work  is  to  study 
the  environment  with  a  view  to  finding  out  what  amount  of  food 
and  shelter  his  stock  requires  during  winter,  more  especially  if  he 
has  imported  animals  which  for  generations  lived  under  conditions 
unattainable  in  their  new  habitat.  Apparently  southern  forms  are 
better  able  to  adapt  themselves  to  a  cold  environment  than  northern 
forms  to  tropical  conditions.  Englfch  breeds  of  dogs  are  said  to 
degenerate  rapidly  in  India;  northern  breeds  of  sheep  transplanted 
to  the  West  Coast  of  Africa  lose  nearly  the  whole  of  their  wool  and 
are  otherwise  modified,  and  even  fat-tailed  sheep  when  removed  from 
their  saline  pastures  are  said  to  lose  their  great  accumulations  of, 
fat.  Horses  seem  incapable  of  surviving  in  some  parts  of  India, 
and  even  in  the  vicinity  of  the  Himalayas,  where  horses  have  flour- 
ished since  Pliocene  times,  certain  European  breeds  do  badly.  In 
Gondal  (Bombay  Presidency)  Shetland  ponies  manage  to  survive 
and  breed,  but  hitherto  the  foals  have,  I  am  informed,  succumbed 
during  the  first  year. 

When  it  is  reported  that  an  environment  is  unsuitable  for  a  breed, 
it  is  always  well  to  inquire  if  sufficient  food  is  provided.  A  century 
ago  about  one-fifth  of  the  cattle  in  the  western  islands  of  Scotland 
died  every  winter,  but  the  high  death  rate  was  due  not  so  much  to 
the  cold  and  damp  climate  as  to  the  scarcity  of  food. 

THE  EFFECT  OF  ENVIRONMENT  ON  EARLY  MATURITY. 

Though  a  breed  may  survive  under  new  conditions  it  may  prove 
sterile  or  fail  to  bring  forth  offspring  capable  of  surviving,  or  the 
offspring  if  they  survive  may  be  poor  specimens  of  their  race.  Some- 
times a  race  may  prove  almost  sterile  when  first  introduced,  but 
fairly  fertile  later,  and  the  fertility  may  increase  as  the  new  race 
gets  better  adapted  to  the  new  conditions.  Whether  a  new  race  will 
prove  profitable  will  often  depend  to  a  considerable  extent  on  the  time 
it  takes  to  reach  maturity.  It  is  generally  assumed  that  early  ma- 
turity is  the  result  of  long-continued  selection,  but  it  is  well  to  bear 
8893*— 11 10 
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in  mind  that  under  unfavorable  conditions  members  of  a  race  having 
a  reputation  for  early  maturity  may  mature  slowly,  while  members  of 
a  race  supposed  to  develop  slowly  may,  under  favorable  conditions, 
mature  rapidly.  There  are  very  few  statistics  showing  the  influence 
of  favorable  and  unfavorable  conditions  on  members  of  the  same 
family.  Under  unusually  favorable  conditions  a  filly  reaches  ma- 
turity when  11  months  old,  and  may  have  a  foal  when  only  22 
months  old ;  but  when  the  conditions  are  extremely  unfavorable  mares 
running  with  stallions  may  not  become  pregnant  until  they  reach 
their  third  year.  Dogs,  it  is  said,  sometimes  reach  maturity  when  6 
months  old.  One  of  three  bitches  belonging  to  a  litter  of  crossbred 
terriers  reared  under  favorable  conditions  reached  maturity  when 

7  months  old ;  in  the  other  two  maturity  was  reached  6  weeks  later, 
but  all  3  were  in  "heat "  at  the  same  time  when  15  months  old. 

In  Scotland  red  deer  seldom  have  antlers  with  12  points  before  the 
sixth  year,  but  a  stag  reared  under  very  favorable  conditions  may 
have  10  or  11  points  when  2  years  old  and  12  or  more  when  only  3 
years  old. 

INFLUENCE  OF  ENVIRONMENT  DURING  DEVELOPMENT. 

Some  years  ago  I  found  in  a  wild  rabbit  12  young,  8  in  the  right 
uterus,  4  in  the  left.  The  8  in  the  right  uterus  were  of  uniform  size 
and  quite  as  advanced  in  their  development  as  the  4  (also  uniform 
in  size)  in  the  left  uterus,  but  they  were  only  half  the  size.    When  the 

8  were  placed  in  one  scale  of  a  balance,  and  the  4  in  the  other,  the  4 
were  found  to  weigh  a  few  grains  more  than  the  8.  In  this  case  the 
4  fetuses  had  evidently  received  the  same  amount  of  nourishment  as 
the  8,  and  were,  moreover,  able  to  assimilate  all  they  received.  Had 
these  12  young  been  born,  the  8  small  ones  might,  in  course  of  time, 
have  reached  the  same  dimensions  as  the  4  large  ones.  Very  often  in 
a  litter  of  rabbits  1  or  2  of  the  young  are  small  and  soon  die  off,  but 
I  once  succeeded  in  rearing  a  rabbit  that,  even  when  nearly  6  weeks 
old,  was  little  more  than  half  the  weight  of  the  other  members  of  the 
litter.  Eventually  this  dwarf  reached  nearly  the  size  of  its  half- wild 
parent,  and  produced  perfectly  normal  offspring.  By  way  of  test- 
ing the  influence  of  the  immediate  surroundings  during  development, 
I  placed  a  doe  rabbit  in  a  cellar  that  was  insanitary  and  unsavory, 
with  a  north  light  through  which  the  direct  sun's  rays  never  pene- 
trated during  winter  or  spring.  This  doe  (after  being  mated  with  a 
half-wild  buck)  was  placed  in  the  cellar  on  the  9th  of  April,  and  re- 
turned to  her  hutch  on  the  8th  of  May,  the  day  before  her  young 
were  due.  The  young  only  arrived  on  the  12th  of  May,  when,  as  it 
happened,  I  saw  them  bom.  There  were  6  in  all,  2  were  dead  at 
birth,  and  the  remaining  4  all  died  within  24  hours.  Since  this  un- 
healthy litter  the  doe  has  produced  38  young,  all  perfectly  normal. 
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Of  these,  6  to  the  same  buck  were  bom  after  a  second  sojourn  in  the 
cellar ;  but  during  the  second  stay  of  4  weeks  the  cellar  was  in  part 
flooded  abnost  daily  with  sunshine,  and  it  was,  moreover,  better  ven- 
tilated. In  the  above  instance,  though  plenty  of  good  food  was  pro- 
vided, the  period  of  gestation  was  prolonged,  and  the  vitality  of  the 
young  enormously  reduced. 

This  experiment  seems  to  lend  support  to  the  view  that  animals 
bred  under  unfavorable  conditions  are  not  likely  should  they  survive 
to  be  a  credit  to  their  ancestors.  But  apparently  this  conclusion  is 
unwarranted.  At  any  rate,  a  recent  investigation  seems  to  show  that 
if  the  parents  belong  to  a  good  stock  the  offspring,  even  if  reared 
under  adverse  conditions,  may,  notwithstanding  an  unfavorable  start 
in  life,  eventually  develop  into  fine  specimens  of  their  race. 

There  are  very  few  observations  on  the  rate  of  growth  under  dif- 
ferent conditions.  The  foal  of  a  well-bred  14-hand  mare  by  a  sire 
about  the  same  size  as  a  rule  measures  at  birth  from  36  to  36|  inches 
at  the  withers;  the  length  from  the  elbow  to  the  ground  is  25  inches, 
and  from  the  hock  to  the  ground  18  incjies.  During  the  first  3  months 
the  height  is  increased  by  8  to  9  inches,  the  forelimb  by  5  inches,  and 
the  hock  is  higher  by  2  inches.  The  second  3  months  adds  3  inches  to 
the  withers;  at  the  end  of  the  first  year  the  height  at  the  withers  is  53 
inches,  at  the  end  of  the  second  year  56  inches,  and  at  the  end  of  the 
third  year  57  inches.  From  the  end  of  the  third  month  to  the  end  of 
the  first  year  the  forelimb  (from  the  elbow  to  the  ground)  increases 
3  inches,  and  the  hock  is  higher  by  IJ  inches,  but  during  the  second 
and  third  years  the  increase  of  the  forelimb  is  only  one-quarter  of 
an  inch,  and  there  is  no  increase  in  length  from  the  hock  to  the 
groimd.  The  circumference  below  the  knee,  4J  inches  at  birth,  is  5| 
at  the  end  of  the  third  month,  6  inches  at  the  end  of  the  sixth  month, 
6|  at  the  end  of  the  first  year,  6f  at  the  end  of  the  second  year,  and 
7J  at  the  end  of  the  third  year. 

When  the  foal  of  a  14-hands  mare  is  small  at  birth  and  poorly 
nourished,  during  the  first  three  years  it  may  only  measure  49  inches 
when  12  months  old  and  53  inches  when  3  years  old,  the  circumfer- 
ence below  the  knee  being  only  6J  inches.  When,  however,  a  foal 
measuring  36  inches  at  birth  is  reared  under  extremely  favorable  con- 
ditions (in,  say,  the  Argentine  or  Australia) ,  the  height  at  the  withers 
at  the  end  of  the  first  year  may  be  14  hands  and  at  the  end  of  the 
third  year  15  hands,  with  a  circumference  below  the  knee  of  8  inches. 

This  difference  is  mainly  due  to  steady  increase  in  the  length  of  the 
limb  bones  from  the  fifth  to  the  ninth  month  (when,  imder  ordinary 
circumstances,  the  growth  is  retarded)  and  to  there  being  a  plentiful 
supply  of  lime  salts  to  provide  for  the  increase  in  the  width  of  the 
metacarpals  during  the  second  and  third  years. 
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One  result  of  forciiig,  if  the  colt  happens  to  belong  to  a  higfa- 
withered  race,  is  a  considerable  increase  below  as  well  as  above  the 
knees,  which  generally  means  legs  incapable  of  standing  ordinary 
wear  and  tear. 

The  form  of  the  skull,  as  well  as  the  length  and  strength  of  the 
limbs,  to  a  certain  extent  depends  on  the  environment.  In  steppe 
forms  for  some  reason  or  other  capacious  nasal  chambers  seem  advan- 
tageous; hence  in  the  Saiga  antelope  and  in  the  wild  sheep  and  the 
wild  horse  (Equus  przewalshii)  of  central  Asia  the  nasal  bones 
bulge  outward  during  the  period  of  growth,  with  the  result  that  there 
is  eventually  produced  a  characteristic  "  Roman  nose." 

In  many  parts  of  northwestern  Europe  the  conditions  differ  pro- 
foundly from  those  prevailing  in  central  Asia.  In  the  Shetland 
Islands,  instead  of  wide-stretching  deserts  and  plateaus  and  a  cold 
dry  climate,  there  are  extensive  moors  but  little  above  the  sea  level, 
•  and  throughout  the  greater  part  of  the  year  the  atmosphere  is  sat- 
urated with  moisture  and  the  temperature  in  winter  is  never  either 
very  high  or  very  low.  Perhaps  owing  to  the  mild,  moist  climate 
there  is  no  need  in  Shetland  for  capacious  nasal  chambers.  Be  this  as 
it  may,  the  concave  condition  of  the  face  found  in  most  mammals  at 
birth  tends  to  persist  in  Shetland,  with  the  result  that  the  nasal 
chambers  in  the  adult  are  shallow,  and  instead  of  a  pronounced 
"  Roman  nose  "  we  usually  find  a  short,  broad,  dished  face  in  the 
ponies  and  a  nearly  straight  profile  in  the  short-tailed  native  sheep. 
In  the  same  way  cattle  v^ry.  Under  one  set  of  conditions  the  face 
is  short  and  broad,  in  others  long  and  narrow.  It  is  short  and  broad 
in  the  banting  and  other  species  which  frequent  dry  upland  regions, 
but  long  and  narrow  in  the  marsh-loving  buffalo. 

There  is  no  evidence  so  far  as  I  am  aware  that  in  the  case  of 
domestic  animals  the  environment  initiates  or  is  a  direct  cause  of 
variation.  But  though  it  may  not  initiate  new  structures  it  may  lead 
to  the  increase  or  diminution  of  existing  structures  (that  is,  induce 
quantitative  variation)  or  lead  to  the  development  of  latent  structures. 

That  the  length  of  the  hair  and  the  condition  of  the  skin  vary  with 
the  environment  has  long  been  realized,  but  it  is  not  suflSciently  real- 
ized that  the  surroundings  may  lead  to  modification  of  the  skeleton. 
Until  a  few  years  ago  there  was  in  Norway  a  very  short-legged  race 
of  ponies,  Imown  at  the  "udganger"  pony,  or  Nordlandshest.  As 
ponies  of  the  udganger  type  but  with  perfectly  normal  legs  still 
occur  in  Iceland,  it  may  be  assumed  that  the  dwarfing  in  the  more 
ancient  Norwegian  variety  was  due  to  an  extremely  unfavorable  en- 
vironment which  eventually  led  to  extinction. 

It  is  well  to  bear  in  mind  that  some  animals  respond  to  external 
stimuli — adapt  themselves  to  new  conditions — more  readily  than 
others.    As  a  general  rule  inbred  varieties  which  occupy  limited 
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areas  in  which  the  conditions  vary  little  throughout  the  year  are  less 
likely  to  adapt  themselves  readily  to  new  and  different  surroundings 
than  varieties  represented  by  numerous  races  continuously  distributed 
over  a  wide  area. 

It  is  often  stated  that  it  is  impossible  to  maintain  a  European 
breed  of  domestic  animals  at  a  high  standard  in  America  unless  fresh 
blood  is  periodically  introduced  from  the  original  home  of  the  race. 
To  what  extent  "  points  "  are  lost  by,  say,  British  breeds  of  cattle 
and  sheep  by  a  change  from  the  Old  World  to  the  New  can  only  be 
determined  by  the  examination  of  purebred  herds  and  flocks  which 
for  several  generations  have  been  bred  and  reared  in  different  partes 
of  America. 

TRANSMISSION    OF    ACQUIRED    CHARACTERS. 

The  doctrine,  especially  associated  with  Lamarck,  which  teaches 
that  acquired  characters  are  transmitted  is  so  fully  dealt  with  in 
recent  works  on  heredity  that  it  need  only  be  shortly  referred  to. 
That  the  body  or  soma  is  capable  of  being  modified  before  as  well  as 
after  birth  is  universally  admitted,  but  few  biologists  now  admit  that 
modifications  acquired  by  the  soma  can  be  so  imprinted  on  the  germ 
plasm  that  they  reappear  in  the  offspring. 

It  is  no  longer  generally  admitted  that  acquired  characters  are 
heritable  because,  as  Prof.  E.  B.  Wilson  ^  has  pointed  out — 

It  is  a  reversal  of  the  true  point  of  view  to  regard  inlierltance  as  taking 
place  from  the  b'xiy  of  the  parent  to  that  of  the  child.  The  child  inherits  from 
the  parent  germ  cell,  not  from  the  parent  body,  and  the  germ  cell  owes  its 
characteristics  not  to  the  body  which  bears  it  but  to  its  descent  from  a  pre- 
existing germ  cell  of  the  snuie  kind.  Thus  the  body  is  as  it  were  an  offshoot 
from  the  j?erm  cell.  As  far  as  inheritance  is  concerned  the  body  is  merely  the 
carrier  of  the  germ  cells  which  are  held  in  trust  for  coming  generations. 

That  the  offspring  inherit  from  the  germ  plasm,  not  from  the  soma 
in  which  the  germ  plasm  is  stored,  is  also  insisted  on  in  similar  terms 
by  Mr.  Archdall  Reid,  who  says :  "  Individuals,  for  example  men,  are 
nothing  more  than  dwellings  which  the  germ  plasm  builds  about 
its  germinal  descendants,"  hence  "  the  child  inherits  nothing  from  his 
parent."  What  it  does  inherit  are  the  characters  in  the  germ  plasm 
from  which  it  started,  not  the  characters  of  the  casket  in  which  the 
germ  plasm  was  preserved. 

All  that  the  fertilized  germ  cell  requires  at  the  outset,  in  order  to 
produce  a  new  "  dwelling  "  or  soma  and  a  new  crop  of  germ  cells 
like  unto  itself,  is  the  stimulus  of  nutrition.  If  as  development  and 
growth  proceed  there  is  in  addition  to  the  stimulus  of  nutrition  the 
stimulus  of  use,  the  body  will  have  the  chance  of  becoming  a  suitable 
dwelling  for" the  next  generation  of  germ  cells;  but  without  use  the 

*The  Cell  In  Development  and  Inheritance,  p.  13. 
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bones  and  muscles  will  be  imperfectly  developed  and  the  mental 
powers  will  remain  dormant.  Hitherto  breeders,  as  a  rule,  have 
found  it  difficult  to  believe  that  modem  biologists  really  mean  what 
they  say  when  they  assert  that  modifications  of  the  body  and  mind 
of  the  parent  acquired  during  the  Jifetime  (i.  e.,  modifications  not 
represented  in  the  germ  plasm  from  which  the  parents  were  de- 
veloped) are  not  transmitted.  They  agree  with  Prof.  Wrightson 
that  the  speed  of  the  modem  race  horse  has  in  part  resulted  from 
many  generations  of  training  and  that  the  intelligence  of  the  modern 
sheep  dog  is  in  part  due  to  the  mental  efforts  of  his  ancestors.  Some 
adherents  of  the  doctrine  of  Lamarck  point  out  that  Darwin  thought 
the  surroundings,  and  the  effects  of  use  and  disuse,  led  to  modifica- 
tions of  the  germ  plasm  which  could  be  transmitted  to  succeeding 
generations.  Others  remind  us  that  Herbert  Spencer's  ethical  sys- 
tem was  built  on  the  assumption  that  the  germ  plasm  is  so  responsive 
to  stimuli  that  it  is  liable  to  be  permanently  influenced  by  modifica-' 
tions  of  the  mental  as  well  as  of  the  bodily  powers. 

Though  breeders  seem  to  have  no  difficulty  in  believing  that  modi- 
fications of  the  soma  are  represented  by  corresponding  modifications 
of  the  germ  plasm  (that,  for  instance,  changes  in  the  wool  of  sheep 
lead  to  changes  in  the  "  units  "  in  the  germ  plasm  concerned  with  the 
formation  of  the  coat),  Darwin  was  so  impressed  with  the  difficulty 
of  transmitting  somatic  modifications  to  the  offspring  that  he  in- 
vented the  doctrine  of  "pangenesis,"  which  teaches  that  by  means 
of  invisible  gemmules  every  change  in  the  organs  and  tissues  of  the 
adult  is  duly  registered  in  the  germ  cells.  If,  however,  it  is  clearly 
realized  that  the  parents  are  not  represented  in  the  germ  cells,  either 
by  gemmules  or  in  any  other  way,  the  difficulty  of  escaping  from  the 
paralyzing  influence  of  the  transmission  doctrine  will  be  diminished 
and  the  important  part  played  by  spontaneous  variation  in  provid- 
ing material  for  the  production  of  new  varieties  more  widely  recog- 
nized. 

That  breeders  have  so  long  believed  in  the  influence  of  maternal 
impressions,  in  the  "infection"  doctrine,  and  in  the  transmission 
of  acquired  characters  is  partly  due  to  the  difficulty  of  realizing  the 
independent  nature  and  the  continuity  of  the  germ  plasm,  and  partly 
to  the  fact  that  hitherto  the  most  influential  writers  on  the  laws  of 
breeding  have,  with  rare  exceptions,  been  followers  of  Lamarck. 
Eeference  has  already  been  made  to  the  views  advocated  by  Prof. 
Wrightson  in  England.  Similar  views  have  been  promulgated  bv 
writers  in  America. 

We  have,  for  instance.  Prof.  Brewer,  widely  recognized  as  a  great 
authority  on  all  matters  connected  with  agriculture,  supporting 
the  views  commonly  accepted  by  breeders.  Some  years  ago  Prof. 
Brewer  wrote: 
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The  art  of  breeding  has  become  in  a  measure  an  applied  science,  the  enor- 
mous economic  interests  involved  stimulate  observation  and  study,  and  what 
Is  the  practical  result?  The  10  years  of  active  promulgation  of  the  new 
theory — the  continuity  of  the  germ  plasm — has  not  resulted  in  the  conversion 
of  a  single  known  breeder  to  the  extent  of  Inducing  him  to  conform  his  methods 
and  practice  to  the  theory.  My  conclusion  is  that  they  are  essentially  right 
tu  their  deductions,  founded  on  their  experience  and  observations,  namely, 
that  acquired  characters  may  be  and  sometimes  are  transmitted,  and  that  the 
speculations  of  the  Welsmann  school  of  naturalists  are  unfounded.* 

Anyone  who  tells  the  breeder  things  he  firmly  believes  is  hailed  as 
a  prophet,  but  he  ceases  to  be  a  prophet  when  the  breeder,  from  ex- 
perience, is  forced  to  change  his  creed.  At  the  present  time  several 
tenets  in  the  breeder's  creed  are  undergoing  considerable  modifica- 
tion owing  to  the  rapidly  increasing  practice  of  making  milk  records. 
In  some  districts  it  is  believed  that  if  cows  are  allowed  to  "  go  dry  " 
early  in  the  season  their  offspring  will  prove  indifferent  milkers, 
and  until  recently  it  was  widely  believed  that  the  quantity  and 
quality  of  the  milk  were  mainly  a  question  of  food,  and  that  the 
offspring  of  well-fed  cows  would  prove  good  milkers.  Since  the 
plan  of  systematically  weighing  and  testing  the  milk  of  each  cow 
was  adopted  it  has  been  ascertained  that  two  cows  of  a  like  age, 
belonging  to  the  same  breed,  which  calved  at  the  same  time,  received 
the  same  rations,  and  lived  under  identical  conditions,  may  vary 
greatly  in  the  quantity  and  quality  of  the  milk  they  yield.  If  of 
two  cows  living  under  similar  conditions  and  receiving  the  same 
amoimt  of  food  one  yields  800  gallons  while  the  other  only  gives 
200  gallons,  and  further,  if  the  offspring  of  a  poorly  fed  cow  some- 
times yields  four  times  as  much  milk  as  the  offspring  of  a  well-fed 
cow,  it  is  difficult,  notwithstanding  preconceived  opinions,  to  escape 
from  the  conclusion  that  food  may  not  be  a  principal  cause  of  varia- 
tion and  that  acquired  characters  (that  is,  the  habit  in  cows  of 
giving  little  milk  when  allowed  to  "go  dry"  early)  are  not  trans- 
mitted. 

From  a  study  of  milk  records  alone  many  breeders  will  in  time  be 
led  to  conclude  that  the  quantity  and  quality  of  milk  are  separate 
inheritances  (due  to  two  distinct  variations)  which  by  selective 
breeding  may  be  combined  in  the  same  individual.  This  will  in  due 
course  lead  to  the  further  conclusion  that  there  is  a  profound  differ- 
ence between  a  modification  of  an  organ  due  to  use  or  disuse,  or  to 
food  or  other  changes  in  the  surroundings  and  a  modification  due 
to  a  change  in  the  germ  plasm. 

It  is  doubtless  true  that  we  make  new  strains  and  new  breeds,  but 
we  do  not  make  the  material  out  of  which  the  new  strains  are  con- 
structed. By  means  of  unfavorable  conditions — insufficient  or  un- 
suitable food,  want  of  exercise,  and  the  like — ^we  may  arrest  the  de- 
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velopment  and  growth  of  the  entire  organism  or  of  some  of  its  parts, 
or  by  extremely  favorable  conditions  we  may  bring  almost  every  part 
of  an  organism  to  a  high  state  of  development.  Material  is  available 
for  making  new  strains,  because  all  plants  and  animals  vary.  Why 
they  vary  is  still  a  mystery,  for  though  we  say  they  vary  because 
of  the  molecular  instability  of  the  protoplasm  we  do  not  account  for 
variation. 

All  that  we  know  is  that  the  offspring  of  plants  and  animals  now 
and  again  present  one  or  more  new  characters.  Though  these  char- 
acters can  not  be  isolated  and  experimented  with,  they  may  be  re- 
garded as  "units  "  analogous  to  the  molecules  of  the  chemist.  When 
varieties  possessing  different  kinds  of  units  are  crossed  there  may  be 
a  rearrangement  of  the  units,  with  the  result  that  we  obtain  a  va- 
riety in  which  the  units  or  characteristics  of  two  or  more  varieties 
are  combined.  If  this  new  combination  is  stable  we  obtain  a  new 
strain  which  breeds  true. 

importance  of  knowing  the  ancient  characteristics  of 

domestic  breeds. 

As  most  wild  species  consist  of  several  varieties,  so  must  domestic 
breeds  consist  of  several  strains.  Up  to  a  certain  stage  in  their  de- 
velopment all  the  pure  strains  of  a  breed  are  presumably  identical  in 
structure.  But  sooner  or  later  the  characteristic  features  of  each 
strain  are  developed.  The  breeder  has  little  control  over  the  ancient 
characteristics  common  to  all  the  strains  of  a  breed,  but  by  crossing 
he  can  make  new  combinations  of  the  more  recently  originated  traits. 
It  hence  follows  that  breeders  should  know  as  much  as  possible  of 
the  characteristics  and  history  of  all  the  strains  which  make  up  the 
breeds  he  happens  to  be  interested  in. 

In  addition  to  knowing  the  history  and  characteristics  of  the 
different  strains,  it  is  desirable  that  breeders  should  know  as  much 
as  possible  of  the  origin  and  history  of  the  breeds  formed  by  the 
strains.  The  first  question  to  be  asked  about  the  breeds  of  domestic 
animals  is,  "Are  they  descended  from  one  or  from  several  wild 
species  ? "  It  is  admitted  that  all  the  numerous  breeds  of  domestic 
pigeons  are  descended  from  varieties  of  the  wild  blue-rock  pigeon 
Columba  livia^  and  that  domestic  rabbits  are  all  related  to  varieties 
of  the  wild  brown  rabbit  Lepus  cunicidus.  On  the  other  hand  it  is 
admitted  that  dogs  and  cats  had  a  multiple  origin.  But  zoologists 
are  less  certain  about  the  origin  of  domestic  horses,  sheep,  and  cattle. 

It  might  be  said  that  while  the  history  of  the  domestic  breeds  may 
claim  the  attention  of  zoologists  it  does  not  concern  the  practical 
breeder.  If  all  the  breeds  were  pure  and  bred  true,  this  might  be 
admitted,  but  if,  as  is  certainly  the  case,  some  of  the  so-called  pure 
breeds  are  made  up  of  perfectly  distinct  types  which  centuries  of 
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interbreeding  have  failed  to  blend  into  a  uniform  race,  it  is  most  im- 
portant that  breeders  should  know  as  much  as  possible  about  the 
characteristics  of  the  prehistoric  wild  races  to  which  the  different 
types  are  related.  When  two  strains  are  crossed  there  is  often 
marked  reversion.  If  the  crossing  of  two  similar  strains  sometimes 
leads  to  the  loss  of  "points"  gained  by  careftd  selection,  it  need 
hardly  be  said  that  the  crossing  of  tribes  or  strains  made  up  of  dis- 
tinct types  will  almost  inevitably  lead  to  marked  reversion.  This 
being  admitted,  it  follows  that  it  is  quite  as  important  to  direct  atten- 
tion to  the  origin  and  history  of  the  breeds  as  to  the  conditions  under 
which  they  live. 

ORIGIN  OF  DOMESTIC  SHEEP. 

In  a  chapter  on  the  origin  of  domestic  sheep  in  the  Cyclopedia 
of  American  Agriculture^  it  is  said:  "Our  domestic  sheep  have 
probably  been  derived  from  more  than  one  species  of  the  genus  Ovh. 
They  are  supposed  to  have  been  descended  from  the  argali  or  wild 
sheep  of  Asia  {Ovis  ammon)  and  the  musimon  of  the  south  of 
Europe  {Ovis  mu&imon) ,''^  but  "whether  these  two  wild  forms  are 
really  to  be  regarded  as  distinct  species,  and  whether  our  common 
sheep  have  descended  from  them,  or  one  of  them,  directly  or  from 
a  related  form  now  extinct,  are  questions  that  do  not  appear  to  have 
been  settled  by  zoologists."  Though  it  is  true  that  zoologists  have 
not  settled  from  which  wild  ancestors  modern  sheep  are  descended,  it 
may  be  mentioned  that  Prof.  Diirst  is  convinced  that  he  has  made 
out  the  origin  of  the  "turbary"  sheep  {Ovis  aries  palustris)  which 
seems  to  have  accompanied  Neolithic  man  in  all  his  wanderings. 

From  material  collected  at  Anau  Prof.  Diirst  is  satisfied  that  Ovis 
aries  palustris  Riitimeyer  was  evolved  in  Turkestan  from  the  native 
wild  urial  {Ovis  vignei)^  that  from  Turkestan  it  found  its  way  into 
Europe  where  it  was  widely  distributed  in  prehistoric  times.  In  a 
map  Diirst  indicates  the  present  distribution  of  the  urial,  the  dis- 
tribution of  its  descendant  Ovis  aines  palustris  in  prehistoric  and 
early  historic  times,  and  also  where  he  believes  it  still  survives. 
Durst  assumes  that  as  the  urial  was  modified  to  form  the  turbary 
sheep  the  tail  was  gradually  lengthened,  and  he  thinks  that  the 
fat-tailed  sheep  of  the  Afghan  Maimene  race  was  perhaps  derived 
from  Ovis  palustris.  There  is,  however,  no  evidence  as  far  as  I  am 
aware  that  the  turbary  sheep  had  a  long  tail.  In  addition  to  the 
ancient  turbary  sheep,  characterized  by  "  thin  tall  legs  and  horns  like 
a  goat,"  there  existed  in  prehistoric  times  a  sheep  with  large  curved 
horns  {Ovis  aries  studeri)  and  also  a  "  four-horned  "  sheep. 

The  zoologist  is  not  only  expected  to  work  out  the  origin  and 
history  of  the  turbary  sheep,  of  Studer's  sheep,  and  of  four-horned 

1  Vol.  III.  1908,  p.  59e. 
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sheep,  but  also  to  determine,  if  possible,  the  origin  of  both  horned 
and  hornless  modern  breeds. 

The  Ovidfie  family  includes  the  true  sheep  belonging  to  the  genus 
Ovis^  the  so-called  blue  sheep  of  Asia  (Pseudovis)^  the  so-called 
Barbary  sheep  {Ammotroffus)  of  north  Africa,  and  the  various  kinds 
of  goats.  True  wild  sheep  (characterized  by  a  short  tail,  by  a  sub- 
orbital pit  for  a  scent  gland,  and  by  a  gland  between  the  toes  of  both 
fore  and  hind  feet)  either  resemble  the  mouflon  or  the  argali.  The 
mouflon  section  includes  the  European  and  Asiatic  mouflons  (  as  Ovis 
inusimon  and  Ovis  aneiUdlis)  characterized  by  large  curved  horns 
and  a  shallow  face  pit,  and  the  urials  of  Asia  (as  Ovis  vignei)  with 
large  curved  horns  and  a  deep  face  pit.  The  argali  section  includes 
in  addition  to  Ovis  ammon^  Ovis  poli^  and  Ovis  hodgsoni  of  Asia, 
the  bighorns  (as  Ovis  canadensis)  of  Asia  and  America. 

SHEEP   OF   THE   MOUFLON    TYPE. 

Though  it  has  often  been  asserted  thatthe  wild  ancestor  of  domestic 
sheep  is  "  not  only  extinct  but  totally  unknown,"  there  are  still 
domestic  sheep  in  existence  which,  apart  from  their  coat,  closely 
resemble  the  mouflon.  Of  these  mouflon-like  races  or  breeds  the 
most  interesting  is  the  one  found  on  the  island  of  Soay,  a  member 
of  the  St.  Kilda  group  of  islands  lying  in  the  Atlantic  about  a 
hundred  miles  from  the  coast  of  Scotland.  Soay,  an  uninhabited 
island  about  1  mile  in  circumference,  is  so  precipitous  that  it  is 
only  visited  on  rare  occasions  by  the  natives  of  St.  Kilda.  How 
and  when  sheep  first  reached  this  "  Sheep  Island  "  it  is  impossible  to 
say.  In  its  skeleton  the  Soay  sheep  agrees  with  Studer's  sheep, 
which  reached  Britain  during  the  Bronze  age  and  persisted  ap- 
parently unaltered  at  least  up  to  the  coming  of  the  Romans.  (See 
PL  VIII.) 

Evidence  of  this  we  have  in  skulls,  horns,  and  limb  bones  from 
Neolithic  settlements  and  British  and  Eoman-British  villages. 
Further,  the  Soay  sheep  in  horns,  skeletons,  and  in  the  face  pit,  in 
the  length  of  the  tail,  color  of  the  limbs  and  face,  and  in  the  hair 
fringes,  very  closely  agrees  with  some  of  the  smaller  varieties  of 
the  mouflon  of  Asia.  In  other  words,  apart  from  its  coat  (which, 
instead  of  consisting  of  an  outer  layer  of  hair  and  an  inner  layer  of 
wool  as  in  wild  sheep,  consists  almost  entirely  of  very  fine  wool), 
the  Soay  sheep  is  a  mouflon.  About  the  coat  of  Studer's  sheep,  dur- 
ing the  Bronze  age  or  even  during  the  Roman  occupation  of  Britain, 
nothing  is  known.  Doubtless  after,  if  not  before,  Studer's  sheep 
reached  Soay  and  other  outlying  islands  in  the  north  Atlantic,  the 
individuals  with  most  wool  would  have  the  best  chance  of  surviving. 
Hence  in  course  of  time  a  thick  coat  of  fine  wool  would  be  acquired 
through  natural  selection.    There  has  doubtless  been  in-and-in  breed- 
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Plate  VIII. 


Fig.  1,— a  Semiwild  Sheep  from  the  Island  of  Soay. 


Fig.  2.— Skull  and  Horns  of  the  Argali. 
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FiQ.  3.— Skull  of  a  Welsh  Mountain  Ram,  with  Horns  of  the  Argali  Type. 
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ing  on  Soay,  but,  probably  owing  to  the  elimination  of  the  unfit  by 
the  trying  physical  conditions,  aided  by  the  sea  eagle,  the  raven,  and 
the  blackbacked  gull,  there  is  no  evidence  of  loss  of  vigor.  Neither 
is  there  evidence  of  marked  loss  of  size,  and,  as  the  ewes  generally 
have  twins,  there  is  evidently  no  loss  of  fertility.  Though,  when  first 
captured,  Soay  sheep  behave  like  wild  animals  and  are  always  liable 
to  disregard  dikes  and  fences,  they  are  easily  tamed. 

The  question  now  arises.  Are  any  of  the  modern  domestic  breeds 
descended  from  ancestors  of  the  Soay  type?  Many  writers  on  sheep 
not  only  take  for  granted  that  the  wild  ancestor  of  domestic  breeds  is 
extinct,  but  also  that  all  the  modem  breeds  are  characterized  by  a 
long  tail.  For  instance,  Lydekker  says :  "  It  may  be  mentioned  that 
the  ancestral  form  of  these  domestic  breeds,  which  differ  from  all  the 
wild  species  save  the  ami  by  the  length  of  the  tail,  is  at  present  totally 
unknown."  ^  Short-tailed  sheep  are  not  uncommon  in  the  East,  and 
in  addition  to  the  semiwild  herd  on  Soay  there  are  still  short-tailed 
sheep  living  under  domestication  in  various  parts  of  Europe.  Short- 
tailed  sheep  are  still  found  in  Norway,  in  the  Faroe  Islands  and  Ice- 
land, and  in  Shetland  and  the  Western  Islands  of  Scotland.  They 
also  occur  in  Wales,  and,  half  a  century  ago,  a  short-tailed  race  might 
have  been  met  with  in  various  parts  of  the  west  of  Ireland.  In  the 
Low  collection  of  paintings  in  the  University  of  Edinburgh  there  is 
a  drawing  of  a  short-tailed  Orkney  sheep  with  horns  of  the  mouflon 
type,  and  notwithstanding  free  intercrossing  in  many  of  the  mooret- 
colored  (moor-red)  sheep  of  Shetland  the  tail  is  as  short  as  in  the 
mouflon  and  sometimes  there  are  mouflon-like  horns.  Moreover,  some 
of  the  Shetland  sheep  in  the  skull  and  limb  bones  exactly  agree  with 
the  Soay  race. 

It  may  hence  be  taken  for  granted  that  Shetland  and  other  short- 
tailed  two-horned  domestic  sheep,  now,  or  until  recently,  living  in 
northwestern  Europe,  are  descended  from  one  or  more  varieties  of 
the  wild  mouflon  of  Europe  or  Asia. 

LONG-TAILED    DOMESTIC    SHEEP. 

About  the  origin  of  long- tailed,  homed,  and  hornless  breeds  noth- 
ing certain  is  known.  As  already  said.  Prof.  Diirst  assumes  that  as 
Ovis  palustrls  was  evolved  from  the  urial  (Ovis  vignei)  of  Turkes- 
tan it  acquired  a  long  tail.  There  is  not,  as  far  as  I  am  aware,  any 
evidence  that  either  Ovis  pciustris  (the  turbary  sheep)  or  Ovis  studeri 
(the  Bronze-age  sheep)  had  a  long  tail.  Diirst  is  further  inclined  to 
assume  that  Ovis  palustns^  at  a  comparatively  late  period,  accumu- 
lated fat  in  its  tail  and  was  otherwise  modified  to  form  the  Afghan 
Maimene  fat-tailed  sheep. 


*  wild  Oxen,  Sheep,  and  Goats  of  aU  Lands.     P.  151. 
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It  seems  to  me  more  likely  that  as  the  necessity  for  storing  fat 
increased,  owing  to  the  ever- increasing  desiccation  of  central  Asia,  the 
tail  of  certain  eastern  varieties  was  lengthened  to  provide  additional 
storage  for  nourishment  required  during  the  dry  season.  Fat-tailed 
sheep  are  said  to  lose  the  fat  from  the  tail  when  removed  from  their 
saline  native  pastures  to  Europe.  It  is  hence  possible  that  the  long- 
tailed  breeds  of  Europe  are  indebted  for  their  long  tail  to  fat-tailed 
eastern  ancestors,  the  fat  having  gradually  disappeared,  partly  be- 
cause of  artificial  selection  and  partly  owing  to  a  change  in  the 
environment. 

Some  of  the  long-tailed  breeds  of  Europe  may  have  descended  from 
the  urial  {Ovis  vignei)  or  from  mouflons,  but  the  spiral-horned  varie- 
ties were  perhaps  mainly  derived  from  the  argali  type  {Ovis  amr- 
mon) .  It  is  conceivable  that  in  some  modern  breeds  the  argali  as  well 
as  the  urial  and  mouflon  are  represented. 

In  its  horns  the  Welsh  Mountain  ram  resembles  the  argali,  and 
even  Scotch  black-faced  rams  still  approach  much  nearer  to  the  argali 
type  in  their  horns  than  the  fashion  of  the  moment  permits. 

That  black-faced  sheep  are  descended  from  a  short-tailed  race  is 
suggested  by  the  fact  that  some  years  ago  nearly  80  per  cent  of  the 
offspring  of  a  pedigree  black-faced  ram  and  purebred  black-faced 
ewes  had  the  tail  as  short  as  the  wild  argali. 

If,  as  seems  probable,  most  of  the  modern  breeds  include  several 
wild  species  amongst  their  ancestors,  it  follows  that  to  maintain  a 
strain  at  a  high  standard  the  breeder  should  know  enough  about  mod- 
ern wild  races  to  enable  him  to  realize  why  some  of  the  most  prized 
points  are  acquired  with  difficulty  (as  the  low  position  of  the  horns 
in  black-faced  sheep)  and  with  difficulty  maintained. 

ORIGIN  OF  DOMESTICATED   CATTLE. 

From  the  days  of  Cuvier  the  majority  of  naturalists  have  regarded 
the  urus  {Bos  taurus  primi(/enius)  as  only  differing  from  the  modem 
Bos  tmitnis  by  its  greater  size.  Discussing  the  origin  of  British 
cattle.  Prof.  McKenna-Hughes  remarks: 

Cffisar  mentions  there  were  large  herds  of  domesticated  cattle  in  Britain,  and 
we  know  from  numerous  excavations  into  Roman  and  Roman-British  rubbish 
heaps  that  these  belonged,  not  to  the  urus,  but  to  Bos  longifrons.  This,  then, 
is  the  native  breed  with  which  we  must  start  in  all  our  speculations  as  to  th^ 
origin  and  development  of  British  oxen.  The  Romans  found  that  breed  here 
and  no  other.* 

Writing  about  the  Celtic  shorthorn  {Bos  longifrons  Owen,  Bos 
hrachyceros  Riitimeyer) ,  Lydekker  says  "  it  is  and  can  be  nothing 
but  a  variety  of  Bos  taujniSj-^  derived  from  the  wild  urus  at  a  very 

1  Since  this  was  written  remains  of  a  long-horned  ox  have  been  found  in  Neolithic 
deposits  in  the  Thames  Valley. 
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remote  epoch.  Lydekker,  though  satisfied  that  all  the  domesticated 
breeds  of  European  cattle  must  trace  their  ultimate  ancestry  to  Bos 
primigenhis^  thinks  it  quite  probable  that  the  origin  of  the  humped 
cattle  of  India  {Bos  indiais)  may  be^  at  least  in  part,  different. 

Prof.  Fairfield  Osbom,  in  his  epoch-making  book  on  "The  Age 
of  Mammals,"  says  the  domestic  ox,  instead  of  being  a  direct  de- 
scendant of  Bos  primigemvSj  may  be  a  descendant  of  Bos  trochoceros 
of  the  Italian  Pleistocene  period,  and  that  British  shorthorn  cattle 
are  descended  from  an  indigenous  occidental  race,  domesticated  in 
Europe  by  the  Neolithic  man. 

AMiile  naturalists  as  a  rule  agree  with  Lydekker  that  the  urns  was 
the  only  wild  ox  in  Europe  and  that  an  eastern  derivation  of  Euro- 
pean cattle  is  in  the  highest  degree  improbable,  some  believe  our 
modern  breeds  are  descended  from  varieties  originally  domesticated 
in  Asia.    Prof.  Boyd  Dawkins  writes: 

It  is  clear  the  domestic  animals  were  not  domesticated  in  Europe,  but 
that  they  had  already  been  under  the  care  of  man,  probably  for  long  ages, 
In  some  other  region.  The  turf-hog,  the  Celtic  shorthorn,  the  slieep,  and  the 
goat  must  have  been  domesticated  in  the  countries  in  which  their  wild 
ancestors  were  captured  by  the  hunter  in  central  Asia.  To  this  region  also 
belong  the  jackal,  the  wild  boar,  and  the  wild  horse,  and,  in  ancient  times,  the 
urus.  It  is  therefore  probable  that  all  these  domestic  animals  came  into 
Europe  with  their  masters  from  the  southeast — from  the  central  plateau  of 
Asia — the  ancient  home  of  all  the  present  Euroi>ean  peoples. 

In  the  report  on  the  animal  remains  collected  in  Turkestan  by  the 
Pumpelly  expedition.  Prof.  Diirst  states: 

That  the  Indian  (Narbada  and  Siwaliks)  and  China  Taurina  are  the  exact 
equivalents  of  the  Euporean  urus  {Bos  prinvigenius  Boyanus)  excepting  some 
very  slight  variations  produced  by  different  geographical  and  local  influences, 
so  that  Bos  namadicus  Falconer  and  Cantley  would  r^)resent  the  European 
urus  for  the  Asiatic  continent,  especially  the  North  Indian  mountains  and 
their  neighbbrhood.* 

After  stating  that  the  Asiatic  urus  was  modified  at  Anau  to  form 
a  longhorned  domestic  race  (Bos  macroceros)^  Diirst  proceeds  to 
say  : 

The  first  remain^  of  the  longhorned  breed  {Bos  macroceros)  belong  at 
Anau  about  8.000  B.  C.  We  find  the  same  animal  again  about  3,000  to  4,000 
B.  C.  in  Babylonia  and  Egypt.  At  about  6,000  B.  C,  however,  we  find  that 
the  large  longhorned  animal  of  Anau  has  become  small  and  small-boned,  and 
had  developed  into  a  shorthomed  breed  {Bos  hrachyceros) .  Therefore,  all 
who  do  not  believe  in  an  autochthonous  domestication  of  the  animals  for  each 
separate  culture-sphere,  must  admit  that  the  original  large  and  stately  long- 
horned ox  of  Anau  was  spread  by  tribal  migrations  before  6,000  B.  C.  to 
Persia  and  Mesopotamia  and  into  Egypt  and  central  Africa  on  the  one  hand, 
and  on  the  other  to   India   and  eastern   Asia,  where,  according  to   Chin-  9 


»  Animal  remains  from  excavations  at  Anau,  Carnegie  Institution  of  Washington,  Chap- 
ters XVI-XX,  Pumpelly  Expedition.     Washington,  1907. 
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accounts,  It  arrived  3,468  B.  C. ;  and  there  are  good  grounds  for  believing  that 
the  ox  of  Anau,  which  about  7,000  B.  C.  was  undergoing  change  of  form,  finally 
reached  central  Europe,  after  its  migration  through  southern  Russia  and  eastern 
Europe  in  the  stunted  form  of  Boa  taurua  hrachyceroH. 

Prof.  Boule,  in  his  recent  work  on  the  Grotto  of  GrimaJdi,  points 
out  that  the  urus  appeared  in  Europe  about  the  same  time  and  was 
probably  as  common  as  the  bison.  Though  the  urus  survived  on  the 
European  Continent  up  to  the  beginning  of  the  seventeenth  century, 
it  almost  certainly  became  extinct  in  Britain  before  the  Roman  in- 
vasion. The  white  "  wild  "  Park  cattle  of  England  and  Scotland  are 
hence  not  now  regarded  as  direct  descendants  of  the  wild  urus. 

Hitherto,  in  discussing  the  origin  of  European  domestic  cattle, 
attention  has  been  mainly  directed  to  the  horns  and  the  premaxillse. 
It  seems  to  have  been  assumed  that  in  occidental  breeds  "the  pre- 
maxillae  are  large  and  always  extend  upwards  into  the  triangular 
space  between  the  maxilla*  and  the  nasals,  and  consequently  articulate 
with  both  these  bones,  as  in  BubaJus.^^  ^ 

In  the  bison  the  premaxillae  are  always  so  short  that  they  fail  to 
reach  the  nasals.  I  find,  however,  that  in  polled  as  well  as  horned 
British  breeds  the  premaxillae  are  often  so  short  that  they  fail  to 
reach  the  nasals  and  that  in  some  specimens  of  the  gaur  (Bos  gatirus) 
of  India  the  premaxillae  are  short,  as  in  the  bison,  but  as  long  in  others 
as  in  the  urus.  The  premaxilla?,  always  long  in  the  buffalo  and  al- 
ways short  in  the  bison,  vary  in  the  true  oxen  of  Europe  and  Asia, 
and  in  the  Bibovine  (gaur  and  banting)  section  of  the  Bovidae.  In 
the  European  urus  {Bos  p7*imige7iius)  the  premaxillae  in  all  the 
specimens  examined  reach  the  nasals,  but  in  the  Asiatic  urus  {Bos 
naraadicus)  they  are  said  to  terminate  some  distance  from  the 
nasals — they  are  certainly  short  in  Bos  chiTiensis^  presumably  a  de- 
scendant of  Bos  namcbdicua^ 

In  the  polled  Galloway  breed,  and  in  the  white  polled  Cadzow 
"  wild  "  cattle,  once  common  in  Hamilton  Park,  Scotland,  the  pre- 
maxillae reach  the  nasal,  as  in  the  urus,  but  in  the  polled  Aberdeen- 
Angus  cattle  they  are  sometimes  short  and  fail  to  reach  the  nasal,  as 
in  the  bison.  Though  perhaps  usually  short  in  Angus  cattle,  they 
are  sometimes  so  long  that  they  extend  upward  between  the  maxillro 
and  nasals  as  far  as  in  the  buffalo.  As  it  happens,  the  premaxillae 
of  a  Syrian  breed  (in  the  act  of  losing  the  horns)  are  identical  with 
the  long  premaxillae  sometimes  met  with  in  Aberdeen- Angus  cattle. 
This  resemblance  suggests  that  the  polled  Aberdeen-Angus  cattle  in- 
clude an  ancient  oriental  race  amongst  their  ancestors.  The  nature 
of  the  premaxillae  in  the  Chillingham  and  Chartley  "wild"  white 
cattle  has  not  been  ascertained,  but  I  find  that  the  premaxillae  are 
short  in  the  skull  of  a  homed  Cadzow  ox,  which,  taken  with  other 

^  Gray.    Catalogue  of  the  Ungulata  Id  the  British  Museum,  1873. 

Digitized  by  LjOOQ IC 


BREEDING  AND   ORIGIN   OF  DOMESTIC  ANIMALS. 


159 


characteristics,  probably  implies  that  the  urns  has  played  an  un- 
important part  in  the  making  of  the  horned  section  of  the  Hamilton 
Park  herd  of  "  wild  "  cattle. 

In  the  urus  the  frontal  bones  and  the  horn  cores  extend  so  far  back- 
ward that  they  not  only  conceal  the  parietals  but  project  3  or  4 
inches  beyond  the  occipital  condyles.  On  the  other  hand,  in  the 
polled  Aberdeen-Angus  skull,  wuth  long  premaxillse,  the  frontals 
are  so  short  that  the  parietals  take  part  in  forming  the  forehead, 
as  in  the  gaur  and  bison.  In  the  urus,  the  temporal  fossae  are  closed 
behind — cut  off  from  the  occiput — ^by  plates  of  bone  which  fill  up 
the  gaps  between  the  horn  cores  and  the  occipital  crest,  but  in  the 
horned  Cadzow  skull,  as  in  skulls  from  Eoman  military  stations, 


Fig.  1. — Occiput  of  the  urus  in  the  Anatomical  Museum,  University  of  Edinburgh. 

owing  to  deep  notches  between  the  horn  cores  and  the  occipital  crest, 
the  temporal  fossae  open  freely  on  to  the  occiput. 

In  Bos  pi^imigenius  of  Europe,  and  also  in  Bos  namadicus  of  Asia, 
the  general  outline  of  the  occiput  is  quadrangular,  the  occipital 
crest  flattened,  and,  owing  to  gaps  on  each  side  between  the  occipital 
crest  and  the  horn  cores  being  filled  up  by  a  bridge  of  bone  which 
cuts  off  the  temporal  fossae,  the  supracristal  (parieto- frontal)  part 
of  the  occiput  has  an  extensive  connection  with  the  infracristal 
(occipital)  part  of  the  occiput.  In  many  European  and  certainly 
in  some  Indian  cattle  the  occiput  is  broad  and  quadrangular  and 
more  or  less  completely  cut  off  from  the  temporal  fossae  as  in  Boa 
primigenius   (fig.  1).    But  since  at  least  the  first  century  A.  D. 
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there  have  been  cattle  in  Britain  in  which  the  occiput  differed 
profoundly  from  that  of  the  urns.  For  example,  in  a  skull  from  a 
Eoman  fort  recently  excavated  in  the  south  of  Scotland,  the  occi- 
put consists  of  two  distinct  parts  (fig.  2),  as  in  the  gaur.  There 
is  an  upper  (parieto-frontal)  part,  continuous  with  the  horn  cores, 
and  a  lower  part  (including  the  whole  of  the  occipital  bone)  sep- 
arated from  the  upper  by  two  deep  notches^  leading  from  the  tem- 
poral fossa3.  The  upper  portion  consists  of  a  semicircular,  deeply 
excavated,  mesial  portion,  and  of  rounded  lateral  portions  continu- 
ous with  the  horn  cores;  the  lower  portion,  bounded  above  by  the 
semicircular  occipital  crest,  is  divided  into  two  by  the  shieldlike 


f.R. 


pp. 


Fig.  2. — Occiput  of  the  skull  of  an  ox,  from  a  Roman  fort  In  the  south  of  Scotland  (the 

Newstead  skull). 

projection  for  the  ligamentum  nuchse  and  a  mesial  ridge  which  ex- 
tends from  the  "  shield  "  to  the  foramen  magnum.  Viewed  from 
behind,  a  skull  with  deep  notches  below  the  horn  cores  appears  to 
have  an  occiput  nearly  intermediate  between  that  of  Bos  gaurvs 
(fig.  3)  and  Bos  primigemus. 

The  skull  of  the  Cadzow  ox  very  closely  resembles  the  skull  from 
the  Roman  fort  near  Melrose  in  the  south  of  Scotland.  These  skulls 
evidently  belong  to  a  race  very  different  from  Bos  primigenim  and 
Bos  iminadicus  of  Pleistocene  deposits  and  from  the  Pliocene  Bos 
planifrons^  regarded  as  the  remote  ancestor  of  all  the  modem  oxen. 
But  they,  in  many  respects,  resemble  Bos  acutifrom  of  the  Punjab 
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Siwaliks,  which,  in  having  the  upper  part  of  the  occiput  continuous 
with  the  horn  cores,  separated  from  the  lower  part,  is  decidedly  less 
specialized  than  either  the  European  or  Asiatic  urus. 

A  preliminary  examination  of  the  skulls  at  present  available  for 
study  has  led  to  the  following  conclusions : 

1.  That  the  Celtic  shorthorn  {Bos  longifrons)  is  probably  more 
intimately  related  to  zebus  with  horns  of  the  longifrons  type  than  to 
Bos  primigenius, 

2.  That  the  black-polled  Galloway  and  the  white-polled  Cadzow 
cattle  are  closely  related  to  Bos  jn^imigenius^  while  some  of  the  black- 
polled  Aberdeen-Angus  cattle  are  probably  in  part  descended  from 


Pig.  3. — Occiput  ot  Bos  gaurua. 

an  ancient  oriental  race  now  represented  in  Asia  by,  amongst  others, 
a  Syrian  breed  in  the  act  of  losing  its  horns. 

3.  That  some  of  the  modern  horned  breeds  (as,  for  example,  some 
Cadzow  cattle),  like  certain  horned  breeds  in  the  possession  of  the 
Roman  auxiliaries  during  the  first  century,  include  amongst  their 
ancestors  a  race  of  the  Bos  acutifrons  type,  to  which  the  gaur  and  the 
banting  may  also  be  related. 

ORIGIN    OF   DOMESTIC    HORSES. 

During  the  later  part  of  the  nineteenth  century  it  was  generally 
taken  for  granted  (1)  that  "the  seven  or  eight  species  of  Equidae 
now  existing  are  all  descended  from  an  ancestor  of  a  dun  color  more 
r— 11 11 
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or  less  striped;  "^  (2)  that  the  common  ancestor  of  the  living  horses, 
asses,  and  zebras  was  connected  by  a  single  line  of  descent  with  the 
four-toed  "  fossil "  horses  of  the  Eocene  period ;  (3)  that  the  domestic 
horses  are  descended  from  a  Pleistocene  species  characterized  by  large 
molars  with  a  long  anterior  internal  pillar,  a  large,  heavy  head,  and 
coarse  limbs;  (4)  that  in  various  parts  of  Europe  and  Asia  domestic 
races  increased  in  size  and  were  improved  in  form,  speed,  and  dis- 
position as  a  result  of  artificial  selection  and  favorable  surroundings. 

The  naturalists  who  believed  in  the  origin  of  domestic  horses  from 
one  wild  species  usually  took  for  granted  that  this  species  consisted 
of  two  more  or  less  distinct  varieties.  Sanson,  a  distinguished 
French  hippologist,  believed  that  domestic  breeds  represented  eight 
distinct  types,  some  of  which  had  descended  from  an  African  variety 
{Equiis  cahallus  africanns)^  while  the  others  were  derived  from  an 
Asiatic  variety  {Equiis  cahallus  as'taticus).  But  while  in  France 
modern  horses  were  said  to  have  sprung  partly  from  an  oriental  and 
partly  from  an  African  variety  of  the  original  horse,  in  Germany 
naturalists,  following  Frank  and  Nehring,  as  a  rule  adopted  the  view 
that  modern  breeds  are  a  blend  of  an  oriental  and  an  occidental 
variety,  the  latter  represented  by  teeth,  limb,  and  other  bones  in 
European  diluvial  deposits. 

Though  these  views  have  been  set  forth  in  elaborate  treatises  "  sup- 
ported by  a  great  parade  of  measurements,"  recent  inquiries  and 
experiments  afford  no  evidence  that  a  wild  horse  with  a  large  head 
and  coarse  limbs  ever  existed  in  either  Europe  or  Asia,  or  that  there 
ever  existed  wild  races  having  the  characters  ascribed  to  either 
the  oriental,  occidental,  or  African  varieties  mentioned  by  European 
continental  naturalists.  It  ought  perhaps  to  be  mentioned  that 
while  most  naturalists,  following  Cuvier,  assumed  that  modern  and 
prehistoric  occidental  races  all  belonged  to  one  species,  others  found 
evidence  of  the  existence  in  Europe  during  the  Pleistocene  period 
of  numerous  species.  It  may  also  be  mentioned  that  fossil  bones 
which  undoubtedly  belonged  to  an  ass  of  the  onager  or  kiang  type 
were  sometimes  described  as  horse  bones,  and  that  a  small  fossil 
horse  not  unlike  a  modern  Exmoor  pony  which  lived  in  the  south  of 
England  in  Pleistocene  times  was  regarded  by  Owen  as  "  an  ass  or  a 
zebra'"  and  duly  labeled  Ashivs  fosHUis, 

On  the  Continent  of  Europe  it  seems  to  be  still  generally  assumed 
that  the  domestic  breeds  are  descended  from  a  single  species,  but  in 
England  and  America  many  naturalists  now  believe  (1)  that  domes- 
tic horses  have  sprung  from  several  wild  species  probably  connected 
by  several  lines  of  descent  with  three-hoofed  species  of  the  Miocene 
period,  and  (2)  that  while  some  of  the  wild  ancestors  were  adapted 
for  living  in  the  vicinity  of  forests  and  upland  valleys,  others  were 
adapted  for  a  ste])pe,  plateau,  or  desert  life. 


*  Darwin.     Animals  and  Plants.  Vol.  II    p.  17. 
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Though  the  wild  horse  discovered  some  years  ago  by  Prejvalsky 
in  Mongolia  has  neither  coarse  limbs  nor  broad  hoofs,  it  is  regarded 
by  many  as  the  modern  representative  of  the  fossil  horse  from  which 
domestic  breeds  are  said  to  have  descended.  This  is  the  view  adopted 
by  Prof.  Diirst  in  his  report  on  the  Animal  Remains  from  the  Ex- 
cavations at  Anau.* 

In  a  paper  published  in  1904:  on  The  Multiple  Origin  of  Horses 
and  Ponies,^  I  recognized  three  distinct  types  of  horses,  viz,  the  Prej- 
valsky, Celtie,  and  Norse  types.  In  1907  I  pointed  out  that  these  three 
types  might  be  known  as  the  "  steppe,"  "  plateau,"  and  "  forest  "  types,' 
and  in  1909  added  the  "  Siwalik "  type  to  include  horses  allied  to 
Equus  sivalensis  of  the  Indian  Pliocene  deposits.* 
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-Diagram  showing  Dttrst's  view  as  to  origin  of  domestic  breeds  of  horses. 


Quite  independently  Prof.  Diirst  arrived  at  the  conclusion  that 
modem  breeds  had  a  multiple  origin  and  that  amongst  their  ancestors 
were  included  "  steppe,"  "  desert,"  and  "  forest "  ancestors,  but  he 
assumed  that  both  wild  and  tame  modern  horses  are  all  descended 
from  a  fossil  species  now  represented  by  Equus  przewahkii.  Prof. 
Diirst's  view  as  to  the  origin  of  the  domestic  breeds  is  graphically 
represented  in  the  accompanying  diagram  (fig.  4). 

*  Durst.  Animal  Remains  from  Anau.  The  Pumpelly  Expedition  of  the  Carnegie  Insti- 
tution of  Washington.     1907. 

«Ewart.  The  Multiple  Origin  of  Horses  and  Ponies.  Transactions  of  the  Highland 
and  Agricultural  Society  of  Scotland.     1904. 

*  Ewart.  On  Skulls  of  Horses  from  the  Roman  Fort  at  Newstead.  Transactions  of  the 
Royal  Society  of  Edinburgh.     Vol.  XLV.     Ft.  III.     1907. 

*  Ewart.  The  i)ossible  Ancestors  of  Horses  Living  Under  Domestication.  Proceedlnga 
of  the  Royal  Society.     B,     Vol.  31.     1909.     Science,  N.  S.,  Vol.  XXX,  No.  703. 
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Reasoning  from  osteological  data,  Diirst  believes  the  diluvial  horse 
of  Westeregeln,  Remagen,  and  southern  Europe  {Equus  cahdllus 
rohustus  seu  gervianicus  Nehring)  is  a  descendant  of  Equus  stenonis 
Coochi,  of  the  Italian  Pliocene,  a  relative  of  Equus  sivalensis  and 
Equus  namadicus  of  India.  I  have,  however,  failed  to  find  evidence 
of  a  relationship  between  Equus  stenonis  and  Nehring's  E quits 
robustusj  and  there  is  a  profound  difference  between  the  teeth  of 
Equus  namadicus  (which  seems  to  be  closely  allied  to  the  American 
preglacial  species  Equus  compUcatu^s)  and  the  teeth  of  Equus 
sivalensis. 

Equus  przewalskii^  Diirst  says,  stands  as  the  last  representative 
of  the  Tertiary  and  Quaternary  horse  Equus  stenonis  and  harmonizes 
with  the  diluvial  horse  of  Solutre.  If  Equus  stenonis^  as  Diirst  ad- 
mits, resembled  Equus  sivalensis^  it  is  difficult  to  believe  that  it  is 
now  represented  by  Equus  przewalskii.  The  horse  of  Solutre  in 
limbs  and  teeth  resembles  on  the  one  hand  typical  horses  of  the 
forest  type  and  on  the  other  the  horse  of  Grimaldi.  The  only  well- 
preserved  skull  of  a  Pleistocene  horse  in  existence  was  obtained  a 
few  years  ago  in  the  Grotto  de  Cavillon,  Grimaldi.  The  conclusion 
arrived  at  after  a  very  exhaustive  study  of  the  Grimaldi  skull  and 
teeth  by  Prof.  Marcellin  Boule  is  that  the  horse  which  in  Pleistocene 
times  lived  in  the  vicinity  of  Mentone  is  most  closely  related  to 
Ewart's  forest  type  and  quite  different  from  the  steppe  horse,  Equus 
przewalskii} 

The  small  stout  horse  of  the  ancient  Germans  {Equus  cahallus 
nehringi  Diirst)  is  doubtless  a  true  forest  horye,  but  I  fail  to  see 
why  it  should  be  separated  from  Equus  caballus  robustus  Nehring, 
which  in  limbs  and  teeth  belongs  to  the  forest  type,  or  why  it  should 
be  regarded  as  the  ancestor  of  the  slender-limbed  Celtic  pony  {Equus 
agilis  celticus  Ewart),  which  with  Equus  agilis  libycus  represent  my 
plateau  type. 

Some  years  ago  Prof.  Fairfield  Osborn  pointed  out  there  lived  in 
America  during  Miocene  times — ages  before  man  reached  the  New 
World — in  addition  to  generalized  types,  small  three-toed  horses, 
adapted  like  the  modern  elk  and  moose  for  a  forest  life,  and  also 
three-toed  horses  with  extremely  slender  limbs  and  complex  teeth 
highly  specialized  for  a  desert  life.  When  experimenting  with  zebras 
I  ascertained  that  the  wild  striped  horses  of  Africa  differ  amongst 
themselves,  not  only  in  form,  size,  and  markings,  but  also  in  their 
skeleton,  and  that  they  are  specialized  for  different  habitats.  Some 
zebras  (as  the  true  Burchell  zebra)  are  adapted  for  a  forest  life. 
Others  (as  the  zebra  of  Shoa  and  Somaliland)  are  characterized  by 
long  powerful  jaws  and  long  hoofs,  adapted  for  steppe-like  areas, 

1  Boule.     Les  Grottes  de  Grimaldi,  tome  I,  fas.  3.     1910. 
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like  the  wild  horse  of  Mongolia;  the  extinct  quagga,  once  common 
in  South  Africa,  was  specialized  for  a  desert  life,  while  the  zebra 
met  with  to  the  northeast  of  Lake  Baringo  has  the  face  strongly  bent 
downward  on  the  cranium^  as  in  sheep  and  other  forms  adapted  for 
upland  valleys. 

Up  to  the  end  of  last  century  it  was  generally  taken  for  granted 
that  in  all  the  modern  horses  the  face  is  nearly  in  a  line  with  the 
cranium,  that  horses  with  short-pillared  molars  have  long  been  ex- 
tinct, and  that  the  broad  cannon  (metacarpal  and  metatarsal)  bones 
of  Shires  and  Clydesdales  are  the  product  of  artificial  selection. 
Now,  however,  it  is  realized  (1)  that  though  in  some  modem  breeds 
the  face  is  short  and  in  a  line  with  the  cranium,  in  others  it  is  long 
and  so  strongly  bent  downward  that  it  forms,  as  in  the  Baringo 
zebra,  an  angle  of  nearly  20°  with  the  cranium;  (2)  that  in  some 
fossil  Pleistocene  horses  the  cannon  bones  are  relatively  as  short  and 
broad  as  in  Shires  and  Clydesdales,  and  (3)  that  in  some  modern 
horses  the  internal  pillar  of  the  molars  is  as  short  as  in  the  oldest 
true  horse  hitherto  discovered — ^the  Equus  sivalensis  of  the  Siwalik 
hills  of  northern  India. 

The  only  horse  skulls  from  the  Pleistocene  deposits  of  Europe, 
sufficiently  well  preserved  to  admit  of  the  relation  of  the  face  to  the 
cranium  being  accurately  determined,  are  those  found  in  the  grottoes 
of  Grimaldi  near  Mentone,  and  the  only  well-preserved  Pliocene  horse 
skulls  hitherto  found  in  Asia  belong  to  Equus  sivalensis  of  India. 
But  notwithstanding  the  absence  of  well  preserved  skulls  it  has  been 
possible  by  making  use  of  new  methods  to  obtain  a  considerable 
amount  of  evidence  in  support  of  the  view  that  domestic  horses  had 
a  multiple  origin,  that  they  include  amongst  their  ancestors  not  only 
varieties  allied  to  the  wild  horse  which  still  survives  in  Mongolia, 
and  varieties  adapted  for  a  forest  life,  but  also  varieties  specialized 
for  ranging  over  boundless  deserts  and  plateaus,  and  for  living 
amongst  foothills  and  upland  valleys. 

HORSES  OF  THE  FOREST  TYPE. 

In  a  typical  horse  of  the  forest  type  the  face  is  nearly  in  a  line 
with  the  cranium,  the  internal  pillar  of  the  molars  is  at  least  half 
the  length  of  the  crown  measured  from  before  backward,  and  the 
middle  metacarpal  (front  cannon  bone)  is  in  length  from  SrS  to  5.8 
times  the  width  at  the  middle  of  the  shaft. 

In  some  of  the  long,  low,  broad-browed  modem  Iceland  ponies  the 
teeth  and  cannon  bones  are  practically  identical  with  fossil  teeth 
and  cannon  bones  found  in  the  "  elephant  bed  "  at  Brighton  and  at 
the  Paleolithic  settlement  of  Solutre,  to  the  north  of  Lyons.  It  may 
hence  be  provisionally  inferred  that  the  horse  of  Solutre,  which 
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measured  about  12  hands  at  the  withers,  and  the  somewhat  smaller 
horse  of  the  "  elephant  bed  "  at  Brighton,  like  the  modern  broad- 
browed  Iceland  ponies,  were  characterized  by  a  short,  broad,  dished 
face,  an  elklike  muzzle,  a  short  neck,  low  withers,  and  short,  stout 
limbs  ending  in  broad  hoofs,  by  6  lumbar  and  18  caudal  vertebrae, 
rounded  hind  quarters,  and  a  low-set-on  tail.  Further,  as  many  stout 
ponies  of  the  forest  type  are  of  a  yellow-dun  color  and  have  a  broad 
dorsal  band  and  zebralike  bars  on  the  legs,  and  as  in  some  cases  there 
are  in  addition  faint  stripes  on  the  face,  neck,  withers,  and  tnmk, 
and  spots  over  the  hind  quarters,  it  may  be  assumed  that  the  remote 
ancestor  of  the  forest  horse  was  of  a  yellow -dun  or  fawn  color,  and 
nearly  as  richly,  though  not  so  conspicuously,  striped  as  some  of  the 
modem  zebras. 

More  or  less  typical  horses  of  the  forest  or  rohustvs  type  are  still 
met  with  in  Korea,  Tibet,  Eussia,  Norway,  the  western  islands  and 
highlands  of  Scotland,  and  in  Iceland. 

In  post-glacial  times  there  were  apparently  three  varieties  of  the 
forest  type  in  Europe,  viz,  (1)  a  variety  with  an  elklike  muzzle,  (2) 
a  variety  with  a  straight  profile,  and  (3)  a  variety  with- a  dished 
tapering  face  such  as  one  often  sees  in  Shetland  ponies.  The  first 
variety,  represented  by  the  horse  of  Solutre,  was  a  member  of  the 
true  forest  fauna;  the  second,  represented  by  Prof.  Boule's  horse 
of  Grimaldi,  seems  to  have  been  adapted  for  sparsely  wooded  upland 
areas ;  the  third,  represented  by  the  large  diluvial  horse  of  Germany, 
was  probably  specialized  for  low-lying  bogs  and  marshes.  All  three 
varieties  were  adapted  for  moving  over  soft  ground,  browsing  on 
shrubs  and  trees  as  they  wandered  along  the  banks  of  lakes  and 
rivers,  and  in  times  of  danger  covering  short  distances  at  sufficient 
speed  to  have  a  chance  of  escaping  from  their  habitual  enemies.  All 
the  modern  domestic  races  and  breeds  characterized  by  a  short,  broad, 
dished  face,  short,  coarse  limbs,  upright  pasterns,  and  wide  hoofs,  by 
rounded  hind  quarters  and  a  low-set-on,  full,  wavy  tail,  by  a  heavy 
mane  and  a  broad  dorsal  band,  probably  include  horses  of  the  forest 
type  amongst  their  ancestors.  Some  of  the  small  horses  (from  11  to 
12.2  hands)  in  the  Eoman  military  fort  at  Newstead,  near  Melrose, 
were  nearly  pure  members  of  the  forest  type;  some  of  the  modem 
long,  low  Shetland  ponies  probably  differ  but  little  from  the  small 
horse  of  the  "  elephant  bed  "  at  Brighton ;  and  the  long,  low,  broad- 
browed,  stout  Iceland  ponies,  which  often  carry  the  head  in  a  nearly 
horizontal  position,  probably  closely  resemble  the  small  horse  of 
Solutre. 

Moreover,  the  handsome  but  far  from  fleet  broad-browed  white 
Arabs  with  a  full  mane  and  tail  owe  much  of  their  beauty  to  forest 
ancestors,  and  it  is  from  the  same  source  that  many  of  the  fjord 
horses  of  Norway  have  inherited  their  more  striking  characteristics. 
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The  horse  of  Ardenne  has  long  been  regarded  as  a  modified  descend- 
ant of  the  horse  of  Solutre,  and  Prof.  Boule  evidently  thinks  the 
French  Percheron  has  inherited  some  of  its  traits  from  ancestors 
allied  to  the  straight-faced  horse  of  Grimaldi.  Of  heavy  British 
breeds  the  Suffolk  horse  approaches  nearest  to  the  forest  type. 

To  what  extent  Shires  and  Clydesdales  and  large  breeds  of  Conti- 
nental Europe  are  indebted  to  the  diluvial  horse  of  Germany  it  is 
impossible  to  say,  but  it  is  highly  probable  that  all  modern  dray 
horses  with  round  hind  quarters,  though  often*  differing  in  many  re- 
spects from  the  horse  of  Solutre,  have  inherited  their  upright  shoul- 
ders, large  cannon  bones,  and  low-set-on  tail  from  forest  ancestors. 
It  is  hardly  necessary  to  say  that  a  horse  adapted  for  swamps  and 
marshes,  which  (if  one  may  judge  by  its  modern  representatives) 
was  neither  fleet  nor  courageous,  is  not  likely  to  have  contributed 
much  to  the  making  of  the  English  Thoroughbred. 

Though  nothing  is  known  about  the  remote  ancestors  of  horses  of 
the  forest  type,  it  may  be  mentioned  that  toward  the  close  of  the 
Miocene  period  a  large  three- toed  forest  horse  (probably  allied  to 
the  American  forest  horse  Hypohippus)  occurred  in  the  north  of 
China.  It  is  possible  that  this  three-toed  Chinese  forest  horse  reached 
Asia  from  America  by  land  bridges  in  the  vicinity  of  Bering  Straits, 
and  was  gradually  modified  to  form  the  coarse-limbed  horses  which 
in  Pliocene  times  frequented  the  valley  of  the  Arno  and  other  parts 
of  Italy.  That  the  second  and  fourth  toes  long  persisted  in  the  an- 
cestral forest  horses  is  suggested  by  the  extra  hoofs  still  occasionally 
found  in  foals  of  Shire  and  other  coarse-limbed  breeds. 

HORSES   OF  THE   PLATEAU  TYPE. 

In  Miocene  times  Xeohipparion,  a  three-toed  horse  highly  special- 
ized for  a  desert  life,  made  its  appearance  in  America.  Evidence  of 
high  specialization  in  Neohipparion  we  have  in  the  complex  teeth, 
the  small  size  of  the  second  and  fourth  digits,  and  the  fineness  of  the 
middle  cannon  bones.  That  this  three-toed  Miocene  horse,  though 
only  9  or  10  hands  high,  was  extremely  fleet-footed  and  surpassed 
"  the  most  highly  bred  modern  race  horse  in  its  speed  mechanism  "  is 
especially  suggested  by  the  metatarsals  (hind  cannon  bones).  In 
the  finest  desert  Arab  the  metatarsals  are  rarely  three-fourths  the 
length  of  the  femur  and  decidedly  shorter  than  the  humerus ;  in  Neo- 
hipparion the  metatarsals  were  as  long  as  the  femur  and  very  de- 
cidedly longer  than  the  humerus.  Three-toed  horses  of  the  Neohip- 
parion type  eventually  became  extinct,  and  there  is  no  evidence  that 
an  attempt  was  ever  subsequently  made  to  produce  a  true  horse  "  with 
as  fine  limbs  as  in  Neohipparion  and  otherwise  proportioned  like  a 
Virginian  deer."  Nevertheless,  a  horse  of  the  one-toed  or  modern 
type  fairly  well  adapted  for  a  desert  life  was  eventually  evolved. 
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About  the  beginning  of  the  Pliocene  period  there  lived  in  the  north 
of  China  not  only  very  large  browsing  three-toed  forest  horses,  but 
also  horses  adapted  for  a  steppe  or  plateau  life.  One  of  these,  ap- 
parently allied  to  Pliohippus  of  America  on  the  one  hand  and  on 
the  other  to  Equus  sivalensis  of  India,  was  characterized  by  short- 
pillared  molars.  Horses  with  small-pillared  teeth  and  slender  limbs 
occurred  in  Italy  and  in  France  toward  the  close  of  the  Pliocene 
period,  and  in  Pleistocene  times  varieties  of  a  like  species  ranged 
from  Algiers  to  the  south  of  England.  The  Italian  slender-limbed 
race  was  regarded  as  a  variety  of  Equus  stenonis;  one  of  the  African 
races  was  named  Equus  asinua  atlanticus;  one  of  the  French  races, 
believed  to  be  allied  to  zebras  of  the  Burchell  type,  was  for  a  time 
known  as  Equus  ligeris^  and  the  small  race  which  inhabited  the  south 
of  England  was  regarded  by  Owen  as  "an  ass  or  a  quagga"  and 
named  A  sinus  fossilis. 

Recently  the  remains  of  a  horse,  Arablike  in  form,  which  measured 
between  12  and  13  hands  at  the  withers,  were  found  in  the  Roman  fort 
at  Newstead.  This  Newstead  horse  had  molars  like  those  from  the 
Oreston  fissure  near  Plymouth  described  by  Owen,  and  cannon  bones 
of  the  same  type  as  those  of  the  small  fossil  horse  of  Kents  Hole,  near 
Torquay — in  the  last  premolar  and  first  molar  the  internal  pillar  is 
only  about  one-third  the  length  of  the  crown  instead  of  one-half  as 
in  a  forest  horse,  and  the  metacarpal  is  in  length  seven  and  a  half 
times  the  width  at  the  middle  of  the  shaft  instead  of  five  and  a  half 
as  in  typical  forest  horses. 

Further,  in  the  Newstead  fine-limbed  pony  the  face  forms  an  angle 
of  8°  with  the  cranium,  and  is  so  fine  and  narrow  that  the 
frontal  index  (width  of  face  multiplied  by  100  and  divided  by  the 
length)  is  only  54,  while  in  a  forest  pony  the  face,  which  is  on  a  line 
with  the  cranium,  is  so  broad  and  short  that  the  frontal  index  is 
usually  over  60. 

Some  of  the  Exmoor,  Hebridean,  and  Iceland  ponies  of  the  Celtic 
variety,  and  some  Mexican  ponies  of  the  Libyan  variety  of  the  pla- 
teau type,  in  their  skulls,  teeth,  and  limbs  very  closely  agree  with  the 
Newstead  pony,  which  has  molars  like  the  small  Oreston  horse 
(Owen's  Asinus  fossilis)  and  cannon  bones  like  the  fine-limbed  horse 
of  Kents  Cave.  It  may  hence  be  assumed  that  the  small  horses  which 
in  Pleistocene  times  ranged  from  Algiers  to  the  south  of  England  re- 
sembled modem  Mexican  ponies  of  the  Libyan  variety  or  British 
ponies  of  the  Celtic  variety. 

Ponies  of  the  Celtic  type  which  are  met  with  all  over  northwestern 
Europe  are  characterized  by  the  absence  of  the  hind  chestnuts  and 
all  four  ergots  (fetlock  callosities),  by  a  large  cranium  and  a  fine, 
narrow,  only  slightly  deflected  face,  by  small  pillared  molars,  large 
eyes  and  small  ears,  by  a  long  neck,  fine  limbs,  long  pasterns  and  small 
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Plate  IX. 


Fig.  1.— Highland  Pony  of  the  Forest  Type. 


Fig.  2.— Face  of  a  Forest  Horse, 
WITH  Zebra-like  Markings. 


Fig.  3.— Head  of  a  Cart  Horse,  with  the 
Face  Deflected  as  in  the  Siwalik  Type 
AND  A  Pronounced  "Roman"  Nose  as  in 
the  Steppe  Type. 
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Plate  X. 


Fig.  1 .— Two-Year-Old  Pony  of  the  Plateau  Type. 


Fig.  2.— Yellow-Dun  Iceland  Pony  of  the  Celtic  Type,  with  Mongolian  Pony 

IN  Background. 
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Plate  XI. 


Fig.  1. -Skull  of  a  Horse  of  the  Forest  Type. 
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Fig.  2.— Skull  of  a  Horse  from  a  Roman  Fort  in  the  South  of  Scotland. 


Fig.  3.— Skull  of  Persimmon,  the  Famous  Race  Horse  Owned  by  the  Late  King 
Edward  VII  of  England. 
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hoofs,  by  having  5  lumbar  and  16  caudal  vertebrae,  and  by  a  "  tail 
lock  "  and  the  almost  complete  absence  of  stripes. 

By  crossing  Barra-Iceland  mares  with  a  stallion  in  which  five 
breeds  (Arab,  Shetland,  Hackney,  Welsh,  and  Connemara)  are  rep- 
resented I  have  obtained  a  number  of  yellow-dun  colts  which  in 
form  and  color  as  well  as  in  mane  and  tail  differ'  from  all  their 
known  ancestors.  It  is  believed  that  in  one  of  these  colts  (character- 
ized by  the  absence  of  hind  chestnuts,  by  a  very  narrow  dorsal  band, 
a  somewhat  mule-like  tail,  and  the  instincts  of  a  wild  animal)  there 
has  been  reproduced  a  horse  resembling  the  wild,  slender-limbed  race 
which  in  prehistoric  times  lived  in  the  south  of  England. 

By  blending  Arabs  and  Mexican  ponies  crosses  were  obtained  some 
years  ago  in  Mexico  which  probably  as  accurately  reproduce  the 
slender-limbed  race  preserved  in  the  Pleistocene  deposits  of  Algiers. 

Slight  differences  between  the  restored  Oreston  horse  and  the 
Mexican  crosses — differences  in  conformation  and  of  mane  and  tail — 
suggest  that  the  slender-limbed  Pleistocene  species  {Eguus  agilis) 
included  two  varieties,  a  northern  {Equus  agilis  celticus)  and  a 
southern  {Equus  agilis  lihycus).  In  all  the  Prejvalsky  horses  hith- 
erto examined,  as  in  typical  forest  horses,  there  exists  a  complete  set 
of  well-developed  callosities,  four  chestnuts  and  four  ergots,  but  in 
crosses  between  well-bred  Celtic  pony  mares  and  Prejvalsky  and 
forest  stallions,  as  in  mules  and  zebra  hybrids,  the  hind  chestnuts 
are  either  small  or  absent.  Hence  it  may  be  assumed  that  horses  and 
ponies  with  the  hind  chestnuts  small  or  absent  include  members  of 
the  plateau  type  amongst  their  ancestors. 

Up  to  a  few  years  ago  there  existed  in  Norway  a  small  ancient 
race  (the  "  Udganger  "  or  Nordlands  race) ,  which,  though  dwarfed 
by  uncongenial  surroundings,  was  "  almost  purely  Celtic  in  its  char- 
acters." 

Small  but  normally  developed  yellow-dun  ponies  of  the  Udganger 
type,  with  only  two  of  the  eight  callosities  present  in  Prejvalsky's 
horse,  and  with  a  typical  tail  lock,  still  occur  in  the  north  of  Iceland. 
A  small  Udganger  mare  from  Iceland  produced  to  a  Highland  stal- 
lion of  the  forest  type  a  pony  with  all  the  points  of  the  modem 
Norse  f jordhest.  This  suggests  that  the  fjord  horse  of  Norway  (in 
which  the  hind  chestnuts  and  ergots  are  small  or  absent)  is  a  blend 
of  the  forest  and  Celtic  types.  The  same  Udganger  mare  crossed 
with  a  small  prepotent  Hebridean  stallion  of  the  forest  type  produced 
a  long,  low,  hollow-faced  pony  with  round  quarters  and  a  low-set-on 
tail,  but  without  hind  chestnuts;  that  is,  a  pony  having  the  more 
striking  characteristics  of  the  modern  stout  Shetland  strain.  Hence 
it  may  be  assumed  that  there  is  Celtic  blood  in  even  the  big-boned, 
broad-browed  ponies  of  Shetland.  That  fine-limbed  Shetland  ponias 
are  saturated  with  Celtic  blood  has  been  proved  by  the  examination 
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of  the  skeleton  of  a  typical  pony  of  the  riding  type.  Though  in  this 
pony,  owing  to  the  dwarfing  influence  of  the  environment,  the  cannon 
bones  are  relatively  shorter  than  in  the  Kents  Cave  horse,  the  pillars 
of  the  molars  are  as  short  as  in  the  small  horse  of  Oreston. 

Evidence  of  Celtic  blood  is  also  found  in  Hebridean,  Achill  Island, 
Welsh,  Exmoor,  and  other  British  ponies,  and  in  Russian,  French, 
and  other  continental  European  ponies,  while  evidence  of  Libyan 
blood  is  found  in  the  ponies  of  Jamaica,  Cuba,  and  Mexico. 

The  Libyan  variety  of  the  plateau  type  has  specially  contributed 
to  the  making  of  the  finer  strains  of  Barbs  and  Arabs  and,  through 
Barbs  and  Arabs,  to  numerous  oriental  and  occidental  breeds,  includ- 
ing the  English  race  horse. 

As  in  many  Shetland  ponies  there  is  little  evidence  of  Celtic  blood, 
so  in  many  modern  Thoroughbreds  there  is  little  evidence  of  Libyan 
blood.  But  even  when,  as  in  the  famous  race  horse  Persimmon,  there 
is  a  prominence  between  the  orbits,  a  low  frontal  index,  considerable 
deflection  of  the  face  on  the  cranium,  and  relatively  broad  cannon 
bones,  it  may  be  taken  for  granted  that  horses  of  the  Libyan  type  are 
included  amongst  the  ancestors. 

Clydesdales,  Shires,  and  other  heavy  breeds  may  also  include  pla- 
teau horses  amongst  their  progenitors,  but  evidence  of  either  Celtic 
or  Libyan  blood  is  now  conspicuous  by  its  absence — the  fine  head, 
slender  limbs,  and  other  points  of  a  fleet  desert  race,  if  they  ever  ex- 
isted, have  been  eliminated  by  artificial  selection. 

HORSES  OF  THE  STEPPE  TYPE. 

During  the  cold  phases  of  the  glacial  epoch  the  musk  ox,  reindeer, 
and  other  arctic  species  ranged  southward  to  within  a  short  distance 
of  the  Mediterranean,  but  during  the  warm  interglacial  periods  cen- 
tral Europe  was  mainly  occupied  by  a  forest  fauna.  When,  how- 
ever, steppe  conditions  prevailed  the  fauna  resembled  that  now  met 
with  on  the  steppes  beyond  the  Volga.  On  the  steppelike  tracts 
which  existed  in  Europe  in  Pleistocene  times  in  addition  to  small 
steppe  mammals  there  were  large  herds  of  wild  horses.  From  the 
teeth  and  limb  bones  found  along  with  the  remains  of  typical  steppe 
species,  but  especially  from  the  engravings  and  drawings  made  by 
the  artist  hunters  of  the  early  Stone  age,  it  is  evident  that  the  horse 
which  inhabited  the  European  steppes  in  prehistoric  times  closely 
resembled  the  wild  horse  {Equus  przewalskii)  which  still  survives  in 
Mongolia. 

Some  of  the  horses  imported  from  the  great  Gobi  Desert  of  Mon- 
golia look  as  if  they  belonged  to  a  pure  wild  race,  but  others  are  evi- 
dently hybrids  between  wild  stallions  and  escaped  Mongolian  mares — 
they  at  least  closely  agree  with  the  hybrids  bred  in  England  by  cross- 
ing Mongolian  and  other  mares  with  a  Prejvalsky  stallion. 
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Fig.  5. — Outlloe  from  photograph  of  a  wild  mare  iEquu9 
pntetcaJskii)    imported  from  Moogolia. 


The  Mongolian  wild  horse  measures  about  13  hands  and  is  of  a 
yellow-dun  color;  the  muzzle  is  light  as  in  Exmoor  ponies,  but  there 
are  usually  neither  distinct  leg  bars  nor  stripes  across  the  withers, 
and  the  dorsal  band  is  narrow  and  inconspicuous.  A  typical  steppe 
horse  is  especially  characterized  by  an  upright  mane  and  a  mulelike 
tail,  by  a  long,  nar- 
row face,  flat  between 
but  distinctly  con- 
vex (Roman-nosed) 
below  the  level  of 
the  orbits,  by  power- 
ful jaws  armed  with 
relatively  large,  long- 
pillared  molars,  by 
a  short  neck,  and  a 
short,  strong  back, 
by  having  the  root 
of  the  tail  in  a  line 
with  a  nearly  level 
croup,  and  by  fine, 
clean  limbs,  narrow 
hoofs,  and  a  complete 
set  of  callosities  (four  chestnuts  and  four  ergots).  Some  of  the 
Prejvalsky  hybrids  I  have  bred  are  quite  tractable,  but  it  is  doubtful 
if  a  pure  wild  steppe  horse  has  ever  been  domesticated. 

There  is  nothing  remarkable  about  the  neigh  or  gait  of  the  wild 

horse,  but  it  differs 
from  horses  of  the 
forest  and  plateau 
type  in  the  ease  with 
which  it  clears  ob- 
stacles when  alarmed 
or  when  in  search  of 
fresh  pastures. 

Poliakoff,  who  gave 
the  first  account  of 
Pre  j  valsky 's  horse, 
for  some  inexplicable 
reason  stated  that  the 
legs  are  remarkable 
for  their  thickness.  As  a  matter  of  fact,  though  the  legs  are  coarser 
than  in  Arabs,  they  are  nearly  as  fine  as  in  modem  race  horses. 

Perhaps  because  the  legs  were  described  as  coarse.  Pre  j  valsky 's 
horse  is  still,  as  already  said,  regarded  by  some  zoologists  as  the 
modem  representative  of  E quits  fossUisj  long  supposed  to  be  the 


Fig.  6. — DrawlDg  of  a  paleolithic  age,  which  evidently  rep- 
resents a  large-headed  horse  of  the  Prejvalslcy  or  steppe 
type.  The  paleolithic  artist  has  exaggerated  the  rough- 
ened condition  of  the  hair  at  the  root  of  the  tail. 
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common  ancestor  of  all  the  horses  living  under  domestication.  There 
is,  however,  very  little  indication  of  steppe  blood  in  the  English  Thor- 
oughbred, and  the  view  that  an  extinct  species  now  represented  by 
the  wild  horse  of  Mongolia  has  contributed  to  the  making  of  race 
horses  receives  little  or  no  support  from  hybrids  between  Equu9 
przewdlskii  and  well-bred  modern  ponies. 

In  modem  Shires  and  Clydesdales  the  face  is  usually  long  and 
convex — very  different  from  the  short,  concave  (dished)  face  of  a 
typical  forest  horse.  As  the  characteristic  long  arched  face  so 
common  in  modem  heavy  breeds  has  obviously  not  been  inherited 
from  ancestors  of  the  forest  or  plateau  types,  and  as  there  is  no  rea- 
son to  believe  that  Equua  sivalensis  had  a  Roman  nose,  the  proba- 
bility is  that  Clydesdales  and  other  Roman-nosed  heavy  breeds  are 
in  part  descended  from  steppe  ancestors  now  represented  by  Equus 
przewalskii. 

There  is  little  or  no  evidence  that  the  Norwegian  fjord  horse,  or 
that  Shetland,  Iceland,  and  other  ponies  with  the  fine  head,  are  in 
part  descended  from  steppe  ancestors,  but  some  Russian  ponies  in 
their  mane  and  tail  resemble  Prejvalsky  hybrids.  This  is  especially 
true  of  the  semiwild  tarpans,  once  common  on  the  Russian  steppes — 
in  all  probability  the  tarpans  resembled  Prejvalsky  hybrids  because 
they  were  descendants  of  crosses  between  a  steppe  race  and  domes- 
tic horses  which  had  run  wild.  Further  inquiries  may  show  that 
Roman-nosed  light  as  well  as  heav'y  breeds  include  steppe  horses 
amongst  their  ancestors,  and  especially  that  Irish  hunters  are  mainly 
indebted  to  a  race  of  the  Prejvalsky  type  for  their  remarkable  leap- 
ing powers. 

HORSES  OF  THE   8IWALIK   TYPE. 

During  the  later  part  of  the  Pliocene  period  (i.  e.,  according  to 
a  recent  estimate  about  500,000  years  ago)  there  suddenly  appeared 
amongst  the  foothills  of  the  Himalayas  a  horse  quite  15  hands  high, 
in  build  not  unlike  a  modern  racehorse.  In  course  of  time  remains 
of  this  large  and  ancient  member  of  the  equine  family  were  found 
in  the  Siwalik  Hills  of  India,  and  appropriately  named  Equus  sival- 
ensis.  This  species,  which  in  late  Pliocene  times  made  its  appearance 
in  the  north  of  India  along  with  the  camel,  has  always  attracted  at- 
tention for  several  reasons.  To  begin  with,  the  Siwalik  horse  is  the 
oldest  known  true  horse,  the  oldest  member  of  the  genus  Equus — 
the  genus  which  includes  asses  and  zebras  as  well  as  wild  and  tame 
modern  horses.  In  the  next  place,  it  differs  considerably  from  the 
supposed  remote  ancestor  of  the  true  hoi-ses,  that  is,  from  Pliohippus, 
a  small  (12  hands)  Lower  Pliocene  species  with  simple  teeth  and 
with  perhaps  complete  but  small  digits  at  the  ends  of  at  least  the 
front  splint  (metacarpal)  bones.    Further,  Equus  sivalensis  (or  its 
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less  specialized  relative  Equua  stenonis  of  Europe)  has  interested 
zoologists  because  it  has  probably  played  a  more  important  part  in 
the  making  of  the  English  racehorse  than  any  other  wild  species. 
Whether  Eguus  sivalensis  was  evolved  in  Asia,  or  came  perfect  in  all 
its  parts  from  America  by  a  land  bridge  which  spanned  the  gap 
now  known  as  Bering  Strait,  has  still  to  be  determined. 

The  large  horse  which  in  Pliocene  times  ranged  amongst  the  foot- 
hills of  the  Himalayas  when  the  Siwalik  Hills  were  in  the  making, 
had,  as  already  mentioned,  the  face  so  strongly  deflected  that  it 
formed  an  angle  of  about  20  degrees  with  the  cranium.  Partly  be- 
cause the  face  is  bent  downward  as  in  sheep,  and  partly  because  of 
the  presence  of  air  sinuses,  the  Siwalik  horse  was  characterized  by 
a  marked  prominence  between  the  eyes — a  projection  quite  distinct 
from  the  nasal  prominence  below  the  level  of  the  eyes  so  often  met 
with  in  Shires  and  Clydesdales.  Further,  in  the  Siwalik  horse  the 
internal  pillar  of  the  last  premolar  and  first  molar  is  small,  as 
in  the  plateau  type,  and  the  first  premolar  (wolf  tooth)  is  well  de- 
veloped. Until  recently  it  has  been  taken  for  granted  that  the  grind- 
ing surface  of  the  internal  pillar  of  the  last  premolar  and  all  three 
molars  is  invariably  long  in  modem  breeds,  and  that  in  large  as  well 
as  in  small  races  the  face  is  nearly  in  a  line  with  the  cranium.  But 
skulls  from  the  Roman  fort  at  Newstead  clearly  prove  that,  up  to  at 
least  the  first  century,  there  were  horses  with  the  internal  pillar  small 
in  both  premolars  and  molars,  and  with  the  face  nearly  as  deflected 
as  in  sheep  and  other  upland  forms  adapted  for  grazing  on  short 
herbage.  The  discovery  of  short-pillared  teeth  and  a  deflected  face 
in  first-century  horses  led  to  the  discovery  that  in  some  present-day 
Arabs  and  Thoroughbreds,  as  in  some  of  the  horses  of  the  Kirghiz 
steppes,  the  face  is  decidedly  bent  downward  on  the  cranium  and  that 
the  internal  pillar  of  the  last  premolar  and  first  molar  is  nearly  as 
short  as  in  Equiis  sivalensis.  In  the  Siwalik  type  the  face  is  not  only 
deflected ;  it  is  broad,  as  in  the  forest  type,  and  long,  as  in  the  steppe 
type,  with  the  result  that  the  frontal  index  is  nearly  the  same  as  in 
horses  of  the  plateau  type. 

An  indication  of  the  height  and  conformation  in  horses  can  gen- 
erally be  gained  from  the  cannon  (metacarpal  and  metatarsal)  bones. 
For  example,  when  the  length  of  the  metacarpal  is  250  mm.  the 
height  at  the  withers  is  about  15  hands;  when  265  mm.  the  height 
is  about  16  hands.  Further,  when  the  length  of  the  metacarpals  is 
7  to  7.5  times  the  width  it  may  be  taken  for  granted  that  they  be- 
long to  a  fine-limbed  race.  In  Equus  sivalensis  the  metacarpals 
sometimes  measured  252  mm.;  and  the  length  was  7  times  the  width. 
As  in  Persimmon  and  other  large-boned  Thoroughbreds  the  length 
is  only  7.2  times  the  width,  it  may  be  inferred  that  some  of  the  horses 
which  lived  to  the  south  of  the  Himalayas  in  Pliocene  times  be- 
longed to  a  slender-limbed  race  which  measured  at  least  15  hands 


Digitized  by  VjOOQIC 


174  27TH  BEPOET,  BUREAU  OF  ANIMAL  INDUSTRY. 

at  the  withers.  In  long-legged  browsing  (forest)  horses,  the  neck, 
as  in  browsing  ruminants,  is  short,  but  it  is  essential  in  long-limbed 
grazing  horses  that  either  the  neck  or  the  face  should  be  long.  When 
the  head  is  small,  as  in  plateau  horses,  a  long  neck  does  not  necessi- 
tate high  withers,  but  when  the  long  neck  ends  in  a  large,  heavy 
head  with  long  jaws  armed  with  large  teeth,  high  withers  are  inevi- 
table. 

It  is  hence  extremely  probable  that  Equus  sivalensis  had  high 
withers.  For  some  reason  or  other  high  withers  are  usually  ae- 
companied  by  a  high-set-on  tail. 

Bearing  all  these  facts  in  mind,  it  may  be  provisionally  assumed 
that  Equus  silvalenms  of  India  was  a  tall,  broad-browed  horse 
characterized  by  a  long,  tapering  deflected  face  and  an  interorbital 
prominence,  a  long  neck,  high  withers,  and  a  high-set-on  tail.  As 
Arabs  and  Indian  horses  with  a  prominence  between  the  eyes  are 
usually  fleet  but  of  an  uncertain  temper,  it  is  extremely  probable 
that  Equus  sivalensis  belonged  to  a  fleet  race  characterized  by  an 
indomitable  disposition. 

There  is  not  yet  suflScient  material  available  to  admit  of  definite 
conclusions  being  arrived  at  as  to  which  modern  breeds  are  most 
intimately  related  to  horses  of  the  Siwalik  type.  Further  inquiries 
and  experiments,  and  a  more  complete  knowledge  of  the  phases 
through  which  a  horse  passes  during  the  later  stages  of  its  develop- 
ment, may  support  the  view  that  light  as  well  as  heavy  horses  char- 
acterized by  long  pointed  ears  and  a  prominence  between  the  eyes, 
by  a  long  deflected  face,  high  withers,  and  a  high-set-on  tail  include 
horses  of  the  Siwalik  type  amongst  their  ancestors. 

Though  Thoroughbreds  and  Arabs  with  a  fine  head  are  probably 
mainly  descended  from  the  Libyan  variety  of  the  plateau  type. 
Thoroughbreds  built  on  the  lines  of  Stockwell  and  Persimmon  are 
probably  more  intimately  related  to  Equus  sivalensis  than  to  Prof. 
Kidgeway's  "fine  bay  horse"  {Equus  cahallus  lihycus)  of  north 
Africa. 

THE  LAWS  OF  BREEDING. 

From  what  has  been  previously  said  in  this  article  it  follows  that 
the  breeder,  instead  of  troubling  about  so-called  infection,  maternal 
impressions,  and  the  transmission  of  acquired  somatic  modifications, 
should  concentrate  his  attention  on  the  environment  and  the  origin, 
history,  and  pedigree  of  his  breeding  stock.  He  should  bear  in  mind 
that  domestic  varieties  should  as  a  rule  be  more,  not  less,  prolific 
than  varieties  living  in  a  wild  state — that  domestic  swine,  for  ex- 
ample, should  bring  forth  twice  as  many  young  as  wild  pigs,  while 
domestic  fowls  should  lay  10  or  12  times  the  number  of  eggs  laid  by 
the  wild  fowl  Gallus  hankiva. 

If  any  members  of  his  flocks  and  herds  become  sterile  he  should 
endeavor  to  determine  the  cause,  to  find  out  if  the  sterility  is  due  to 
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overfeeding,  to  insuflScient  or  unsuitable  food,  to  inbreeding,  to  the 
exhaustion  that  sometimes  follows  from  the  rearing  of  crosses  or 
hybrids,  or  to  the  reproductive  system  being  upset  by  some  change  in 
the  surroundings.  If  the  offspring  obtained  are  below  the  standard 
expected  he  should  endeavor  to  ascertain  whether  this  is  due  to  his 
having  failed  to  realize  that  the  breed  he  is  operating  with  consists 
of  several  perfectly  distinct  types  which  revert  when  crossed. 

To  be  in  a  position  to  carry  on  his  work  economically  and  intelli- 
gently the  breeder  should  further  have  a  working  acquaintance  with 
the  laws  of  heredity.  It  no  longer  suffices  to  assume,  as  was  done  by 
breeders  a  generation  ago,  that  on  an  average  each  parent  contributes 
one-half,  each  grandparent  one-quarter,  and  so  on,  of  the  total  heri- 
tage. He  must  know  about  Galton's  law  of  ancestral  inheritance, 
about  the  work  of  Gregor  Mendel  and  his  followers,  and  realize  what 
is  implied  by  the  conclusions  arrived  at  as  to  the  continuity  of  the 
germ  plasm. 

According  to  Galton — 

The  two  parents  between  them  contribute  on  an  average  one-half  of  each 
Inherited  faculty,  each  of  them  contributing  one-quarter  of  it.  The  four  grand- 
parents contribute  between  them  one-quarter,  or  each  of  them  one-sixteenth, 

and  so  on,  the  sum  of  the  series  i+i-|-i+i*»+  being  equal  to  1  as  it 

should  be. 

It  need  hardly  be  stated  that  the  prepotencies  or  subprepotencies 
of  particular  ancestors  in  any  given  pedigree  are  eliminated  by  a  law 
that  deals  only  with  average  contributions,  and  that  the  varying 
prepotencies  of  sex  in  respect  to  different  qualities  are  also  elimi- 
nated. According  to  this  law  the  average  contributions  made  by 
parents,  grandparents,  etc.,  are  definite  and  diminish  in  a  precise 
ratio  according  to  the  remoteness  of  the  ancestors.  Though  Galton 
did  not  mean  his  law  to  apply  to  individual  cases,  the  breeder  should 
bear  in  mind  that  it  may  be  approximately  true  of  a  considerable 
number  of  cases  in  each  generation. 

WTiile,  according  to  Galton's  law,  each  parent  contributes  one- 
quarter  of  each  inherited  faculty  (which  implies  that  in  every  germ 
cell  both  parents  are  represented),  according  to  Mendel's  law  the 
actual  or  immediate  parents  are  not  necessarily  represented  in  their 
germ  cells.  The  bearing  of  Mendel's  law  on  breeding  problems  will 
be  best  realized  by  an  example.  Let  us  suppose  the  breeder  wishes 
to  know  the  color  of  the  calves  which  red-roan  Shorthorn  heifers 
will  produce  to  a  red-roan  Shorthorn  bull.  If  each  parent  contrib- 
utes half  the  characters,  as  breeders  were  wont  to  assume,  all  the 
calves  would  be  red  roans  like  their  parents.  If,  as  Galton's  law 
teaches,  the  two  parents  contribute  one-half  and  the  two  grand- 
parents contribute  one-quarter  (assuming  the  heifers  are  the  de- 
scendants of  a  bull  belonging  to  a  red  strain  and  of  cows  belonging 
to  a  white  strain)  at  least  75  per  cent  of  the  offspring  of  the  heifers 
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would  be  red  roans.  But  as  the  great-grandparents  and  great-great- 
grandparents  were  also  members  of  red  and  white  strains,  the  prob- 
ability is  that  over  90  per  cent  of  the  calves  would  be  red  roans, 
assuming  Galton's  law  held  in  this  case. 

If  instead  of  seeking  guidance  from  Galton's  law  the  breeder 
turned  to  Mendel's  law,  a  very  different  estimate  would  be  obtained 
as  to  the  color  of  the  expected  calves.  In  each  immature  germ  cell 
of  the  red-roan  bull  both  parents  (red  as  well  as  white)  are  rep- 
resented, but  in  each  of  the  mature  germ  cells,  according  to  Men- 
delians,  only  one  of  the  parents  is  represented — that  is,  50  per  cent 
of  the  germ  cells,  on  an  average,  have  the  composition  of  the  germ 
cells  of  the  red  sire;  the  remainder  in  composition  agree  with  the 
germ  cells  of  the  white  dam.  Likewise  in  each  immature  germ  cell 
of  the  roan  heifers  both  the  red  and  white  parents  are  represented 
(in  other  words,  the  immature  ova  of  the  heifers  are  a  blend  of 
germ  plasm  derived  from  the  red  sire  and  the  white  dam),  but,  ac- 
cording to  Mendelians,  during  maturation  each  immature  egg  would 
discharge  either  the  germ  plasm  derived  from  the  red  sire  or  the 
germ  plasm  derived  from  the  white  dam,  with  the  result  that  about 
50  per  cent  of  the  germ  cells  produced  are  practically  identical  in 
composition  with  the  germ  cells  of  the  red  sire,  the  remainder  being 
practically  identical  with  the  ova  of  the  white  dam.  If  both  the 
roan  heifers  and  the  roan  bull  have  two  kinds  of  gametes — 50  per 
cent  like  the  gametes  of  pure  red  Shorthorns  and  50  per  cent  like 
those  of  pure  white  Shorthorns — the  chances  are  that  50  per  cent  of 
the  expected  calves  would  be  roan,  25  per  cent  white,  and  25  per 
cent  red. 

But  in  addition  to  insisting  on  segregation  and  gametic  purity, 
Mendelians  point  out  that  all  the  hybrids  or  crosses  often  in  ap- 
pearance resemble  one  (the  dominant)  parent  and  that  one  or 
more  of  the  characters  of  one  breed  may  replace,  or  be  replaced  by, 
alternative  characters  in  another  breed — that,  in  fact,  every  organ- 
ism consists  of  a  certain  number  of  "unit"  characters  which  are 
transmitted  pure  or  exchanged  for  their  alternative  characters. 

While  in  some  cases  one  breed  or  strain  proves  dominant  and  the 
other  recessive,  in  other  cases  the  crossing  of  two  pure  breeds  or 
strains  results  in  offspring  (hybrids)  intermediate  in  some  points, 
in  others  like  the  male  or  the  female,  while  in  still  others  they  take 
after  a  remote  ancestor. 

EXPERIMENTS  IN  CROSSING  DISTINCT  TYPES. 

Some  of  the  many  possible  results  obtained  by  crossing  distinct 
types  are  illustrated  by  the  following  experiments  : 

A  Mexican  dog  of  the  Chihuahua  race  was  crossed  with  a  pedigree 
female  West  Highland  terrier.     (See  PI.  XII,  fig.  1.)     The  Mexican 
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Plate  XII. 


FiQ.  1.— The  Mexican  (Chihuahua)  Dog  Chico  and 
THE  West  Highland  Terrier  Bina. 


Fig.  2.— The  Goat  Joan  I  and  Her  Kids. 


«4.  f^\. 


Fig.  3.— Darby  I,  the  Male  Used  in  the 
Goat  Inbreeding  Experiments. 
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dog  Chico  weighs  7  pounds,  is  white  with  the  exception  of  tne  ears 
and  eyelids,  which  are  fawn-colored ;  the  hair  on  the  shoulder  meas- 
ures from  8  to  10  millimeters.  Chico  is  characterized  by  a  short,  fine 
face,  a  globular  cranium,  very  large  erect  ears,  a  wdl-set-on  flat  tail 
and  whippet-like  feet  armed  with  long,  sharp  claws.  Though  small, 
he  is  extremely  active,  has  great  endurance,  and  never  hesitates  to 
attack  dogs  many  times  his  own  size  if  they  intrude  on  his  preserves. 
When  indoors  he  almost  invariably  burrows  under  a  rug  or  quilt 
and  remains  quiescent  for  hours  at  a  time.  The  hunting  instinct  is 
entirely  absent. 

The  West  Highland  terrier  bitch  Bina  is  of  a  yellow  or  straw 
color,  and  the  hair  on  the  shoulder  measures  from  30  to  40  millimeters. 
Bina  has  a  long  face,  the  forehead  is  nearly  flat,  and  the  ears,  though 
usually  carried  erect,  are  smaller  than  in  the  Mexican;  the  tail  is 
long  but  not  flattened,  the  legs  are  short  and  broad,  and  the  toes 
short  and  of  the  true  terrier  type.  In  dispositicm  Bina  is  decidedly 
timid,  but  the  hunting  instinct  is  strongly  developed ;  she  never  bur- 
rows under  rugs  or  quilts  when  indoors. 

The  offspring  of  Chico  and  Bina  (one  male  and  three  females)  in 
color  closely  resemble  their  dam,  but  in  form  and  length  of  hair  they 
are  nearly  intermediate.  The  dog  and  one  of  the  bitches  have  a 
beautifully  modeled  foxlike  head. 

The  Mexican-Highland  crosses,  although  having  the  color  of  their 
decidedly  domesticated  dam,  have  from  the  first  behaved  like  wild 
animals,  and  with  one  exception  have  been  more  difficult  to  tame 
than  young  wolves  or  foxes.  Like  the  crossed  mice,  they  from  the 
first  have  strongly  resented  being  handled.  Each  of  the  four  is 
more  or  less  devoted  to  one  person,  but  three  of  them  are  still  so 
wild  that  unless  surprised  in  a  corper  from  which  there  is  no  escape 
their  capture  is  impossible.  (Japanese  "  waltzing  "  mice,  like  tame 
white  mice,  are  easily  handled,  but  their  hybrids  behave  like  wild 
mice  and  have  the  color  of  wild  mice — the  crossing  has  apparently 
restored  the  wild  ancestor.) 

One  of  the  three  hybrid  bitches  was  mated  with  her  sire,  with  the 
result  that  she  produced  four  pups,  two  nearly  white  like  the  Mexican 
ancestor  (sire  and  grandsire),  one  slightly  lifter  and  one  somewhat 
darker  than  the  hybrid  dam. 

Of  the  two  light  pups  one  is  surprisingly  like  the  sire  in  form, 
habits,  disposition,  and  mariiings,  the  other  in  form  approaches  a 
Highland  terrier.  Of  the  two  dark  pups  one  resembles  in  form  the 
hybrid  dam,  the  other,  the  darker  (fawn -colored)  one,  in  the  head, 
limbs,  and  tail  takes  after  the  sire. 

A  possible  result  of  crossing  the  Chihuahua  dog  Chico  with  his 
hybrid  daughter  out  of  a  West  Highland  terrier  would  be  a  litter 
consisting  of  an  equal  number  of  pure  Chihuahuas  and  of  hybrids 
8693'— 11 12 
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resembling  their  dam.  A  result  of  this  kind  is  possible  because  it 
is  conceivable  that  during  the  maturation  of  the  germ  cells  of  the 
hybrid  the  germ  plasm  inherited  from  the  Mexican  sire  might  be 
completely  segregated  from  the  germ  plasm  inherited  from  the  West 
Highland  dam.  If  in  half  the  ova  matured  the  germ  plasm  of  the 
Mexican  ancestor  was  discharged  during  the  reducing  division,  and 
the  germ  plasm  of  the  West  Highland  ancestor  was  discharged  from 
the  other  half  of  the  ova  the  result  would  be  a  number  of  ripe  ova 
bearing  the  Mexican  characters  only  and  a  corresponding  number  of 
ripe  ova  bearing  Highland  characters  only.  These  ova  when  fertil- 
ized by  sperms  of  the  Mexican  race  should  yield  an  equal  number  of 
pure  Mexican  terriers  and  of  Mexican-Highland  terrier  hybrids. 

In  breeds  of  mammals  derived  from  two  or  more  wild  types  op 
formed  by  blending  several  varieties  or  strains  such  a  simple  result 
can  hardly  be  expected.  Nevertheless  the  pup  out  of  the  Mexican- 
Highland  bitch,  which  in  form  and  color  resembled  the  sire,  may 
very  well  have  been  developed  from  two  pure  gametes  of  the  Mexi- 
can type — may,  in  fact,  be  an  instance  of  pure  line  breeding  such  as 
occui-s  in  plants.  That  this  pup  (now  approaching  maturity)  was 
developed  from  an  ovum  as  purely  Mexican  in  composition  as  the 
sperm  by  which  it  was  fertilized  is  suggested  not  only  by  the  color 
and  form,  but  by  its  every  movement  and  attitude,  by  its  precocity 
and  alertness,  and  also  by  its  small  size.  Apparently  the  gametes  so 
closely  resembled  each  other  in  composition  that  the  development  was 
accelerated,  but,  owing  to  the  absence  of  the  vigor  cross-fertilization 
brings,  the  growth  has  been  arrested. 

This  experiment  furnishes  a  beautiful  instance  of  segregation,  and 
demonstrates  that  characters  may  be  transferred  from  one  breed  to 
another.  In  the  reddish-brown  pup  we  have  a  Highland  terrier  color 
combined  with  the  conformation  of  a  Mexican  terrier.  In  the  head 
and  ears,  as  in  the  limbs  and  tail,  this  pup  closely  resembles  his  sire 
Chico,  but  in  his  behavior  he  closely  agrees  with  a  Highland  terrier 
cousin.  Though  the  color  of  the  coat  has  been  inherited  from  a  High- 
land ancestor,  the  hair  in  structure  and  length  differs  but  little  from 
that  of  the  sire.  It  is  of  course  impossible  to  say  how,  or  when,  the  ex- 
change of  "unit"  characters  takes  place,  but  presumably  it  occurs 
during  a  phase  of  the  maturation  of  the  germ  cells  when  the  chro- 
mosomes derived  from  the  male  parent  come  into  intimate  relation 
with  the  corresponding  chromosomes  derived  from  the  female  parent. 

As  the  light  tan-colored  pup  is  the  grandson  as  well  as  the  son  of 
the  imported  Mexican  Chico,  he  is  decidedly  inbred,  theoretically  as 
inbred  as  his  more  precocious  but  smaller  and  more  high-strung 
sister,  who,  notwithstanding  her  mixed  origin,  is  in  some  respects 
more  Mexican  than  her  sire.  There  is,  however,  no  evidence  of  in- 
breeding in  the  male  pup.    He  is  well  grown,  has  a  beautiful  coat. 
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well-formed  muscular  limbs,  and  from  the  first  he  has  been  extremely 
vigorous.  Under  unfavorable  conditions  the  highly  sensitive  white 
pup  would  probably  succumb,  but  the  stronger,  more  vigorous  tan- 
colored  one  would  have  a  good  chance  of  surviving  and  leaving 
descendants.  From  the  difference  between  these  two  pups  it  is  evi- 
dent that  while  one  member  of  an  inbred  family  may  be  small,  sen- 
sitive, high  strung,  and  not  likely  to  survive  under  adverse  circum- 
stances, others  may  be  well  grown  and  characterized  by  unusual 
^dgor. 

LINE   BREEDING. 

Some  breeders  devote  their  energies  to  supplying  pedigree  stock, 
some  to  providing  crosses  between  pure  breeds,  while  others  by 
means  of  pedigree  sires  aim  at  gradually  converting  a  crossbred 
mixed  herd  into  a  more  or  less  pure  herd.  Owners  of  purebred 
stock  are  as  a  rule  line  breeders — ^that  is,  their  herds  consist  of  animals 
belonging  to  •a  single  line  of  descent.  The  disadvantage  of  line 
breeding  is  that  unless  judiciously  carried  on  it  may  result  in  loss  of 
vigor,  size,  and  fertility. 

When  a  new  variety  of  wheat,  of  oats,  or  of  corn  makes  its  appear- 
ance and  a  strain  is  made  from  a  single  plant  we  have  pure  line 
breeding.  Such  a  strain,  though  liable  to  be^modified  by  the  en- 
vironment, breeds  true  from  the  first  and  is  hence  never  a  source  of 
anxiety  to  the  breeder.  An  example  of  a  strain  formed  from  a  sin- 
gle plant  is  seen  in  Sherritf 's  Mungoswell  wheat  first  placed  in  the 
market  about  1820.  In  wheat  as  in  many  other  plants  there  is  self- 
fertilization,  but  except  in  certain  parasites — as  the  fluke  (Disto- 
mum)  and  the  tapeworm  (Tcenia) — self-fertilization  is  rare  in 
animals.  The  animal  breeder  must  hence  always  make  allowance  for 
cross- fertilization,  which  not  only  implies  new  combinations  and  per- 
mutations but  also  more  or  less  marked  reversion. 

CROSS-FERTILIZATION. 

Weismann  believed  cross-fertilization  was  a  cause  of  progressive 
variation,  but,  beyond  giving  a  race  or  strain  the  opportunity  of 
benefiting  from  useful  traits  which  appear  from  time  to  time  in 
one  or  more  members  of  a  race,  cross-fertilization  may  be  regarded 
as  beneficial  because  it  tends  to  increase  the  size,  vigor,  and  fer- 
tility. Tliat  cross-fertilization  increases  the  vigor  is  suggested  by 
what  occurs  in  the  protozoa.  If  a  single  paramoecium,  for  instance, 
is  isolated  under  suitable  conditions,  it  may  give  rise  by  fission  to  a 
colony  of  200  or  300  individuals;  if  the  conditions  are  unusually 
favorable,  600  or  700  individuals  may  be  formed,  but,  unless  the 
members  of  an  isolated  colony  descended  from  a  single  individual 
are  reinvigorated  (by  conjugating  with  members  of  another  isolated 
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colony  or  with  paramoecia  living  under  natural  conditions),  they  all 
eventually  degenerate  and  die.  The  cells  forming  a  multicellular 
animal  in  a  sense  resemble  the  members  of  a  paramoecium  colony. 
Hence  it  may  be  assumed  that  the  cells  forming  one  of  the  higher 
animals — ^the  germ  cells  as  well  as  the  body  cells — unless  rejuve- 
nated by  cross-fertilization  will  sooner  or  later  lose  their  vigor  and 
degenerate. 

Though  a  paramoecium  when  isolated  may  give  rise  to  a  colony  by 
fission,  and  though  the  ova  of  aphides  and  certain  other  arthropods 
develop  normally  for  a  variable  number  of  generations  without  be- 
ing fertilized,  and  though  self-fertilization  occurs  in  certain  para- 
sites, pure  line  breeding,  such  as  occurs  in  wheat,  is  practically  im- 
possible in  the  higher  animals,  in  all  of  which  reproduction  is  bi- 
parental.  Nevertheless,  when  two  hybrid  members  of  the  same  litter 
are  interbred  and  when  the  sire  is  mated  with  his  daughter  and  the 
dam  with  her  son,  some  of  the  offspring  may  be  practically  pure  line 
bred  while  others  are  hybrids — ^hybrids,  however,  derived  from 
gametes  matured  under  nearly  identical  conditions. 

Is  there  any  evidence  that  in  the  higher  forms,  as  in  the  protozoa, 
line  breeding  sooner  or  later  leads  to  loss  of  vigor?  It  is  admitted 
that  to  produce  vigorous  and  prolific  offspring  there  must  be  a  cer- 
tain amount  of  differtnce  between  the  male  and  female  elements  from 
which  they  are  developed,  just  as  there  must  be  some  difference  be- 
tween conjugating  paramoecia.  Hence  inbreeding,  in  as  far  as  it 
diminishes  the  difference  between  the  germ  cells,  is  likely  to  diminish 
the  vigor  and  fertility.  But  as  there  are  at  times  weak  members  in 
crossbred  families  and  often  vigorous  members  in  inbred  families,  it 
is  difficult  to  determine  whether  in  any  given  case  loss  of  vigor  is  due 
to  inbreeding. 

INBREEDING. 

Perhaps  the  best  way  to  show  that  vigor  and  fertility  are  im- 
paired by  inbreeding  is  to  cross  an  inbred  female  in  the  habit  of  hav- 
ing small  litters  of  delicate  young  to  sires  of  her  own  strain  with  a 
vigorous  male  of  another  breed.  This  was  done  in  the  case  of  an 
inbred  long-haired  Skye  terrier  which  proved  sterile  with  two  Skyes 
of  her  own  type,  and  had  only  one  short-lived  pup  to  a  Skye  of  a 
slightly  different  type,  but  produced  four  vigorous  pups  to  a  West 
Highland  terrier.  In  this  case  there  was  evidently  a  want  of  vigor 
in  the  female  as  well  as  in  the  male  Skj^e  terrier. 

From  a  consideration  of  a  number  of  cases  it  appears  that  sterility 
is  sometimes  due  to  a  decrease  in  the  supply  of  ripe  ova,  sometimes 
to  the  gametes  failing  to  conjugate,  and  sometimes  to  want  of  suffi- 
cient vigor  to  carry  the  development  beyond  the  initial  stages. 

There  is  a  considerable  amount  of  evidence  in  support  of  the  view 
that  inbreeding  is  not  injurious;  that  at  the  most  it  only  intensifies 
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the  weak  points  inherited  from  the  founders  of  the  breed  or  strain. 
On  the  other  hand,  there  is  experimental  evidence  in  support  of  the 
view  that  sooner  or  later  inbreeding  reduces  the  fertility. 

Darwin  says  the  consequences  of  close  interbreeding  carried  on 
for  too  long  a  time  are,  as  is  generally  believed,  loss  of  size,  con- 
stitutional vigor,  and  fertility,  and  sometimes  a  tendency  to  mal- 
formation.* 

There  is,  however,  no  evidence  of  degeneration  in  the  descendants 
of  the  few  deer  originally  introduced  into  New  Zealand  or  of  the 
few  rabbits  originally  introduced  into  Australia  and  Porto  Santo. 
In  all  probability  systematic  experiments  would  show  that  in  some 
species  close  inbreeding  can  be  practiced  for  many  generations  with- 
out apparently  diminishing  the  vigor,  while  in  other  species  close 
inbreeding  soon  leads  to  loss  of  size  or  vigor  under  one  set  of  condi- 
tions, but  is  long  in  producing  an  appreciable  effect  if  carried  on 
under  somewhat  different  conditions. 

Weismann  inbred  mice  for  29  generations,  and  Von  Guaita  con- 
tinued the  breeding  for  7  more  generations,  with  the  result  that  the 
fertility  was  reduced  about  30  per  cent. 

Rtzema-Bos  inbred  rats  for  30  generations.  During  the  first  20 
generations  there  was  little  diminution  in  the  fertility,  but  in  the 
following  generations  there  was  marked  decrease  of  size,  loss  of  fer- 
tility, and  increased  mortality.  Like  Bakewell  and  Bates,  Amos 
Cruickshank  inbred  freely  when  forming  his  famous  strains  of  cattle, 
but  realizing  that  a  limit  had  been  reached — that  further  inbreeding 
might  prove  disastrous — he  forthwith  took  steps  to  rejuvenate  his 
herd  by  means  of  intercrossing.  With  Weismann,  Bos,  and  others, 
inbreeding  neither  led  to  disease  nor  to  the  appearance  of  monsters. 
Sir  Everitt  Millais,  however,  found  that  inbred  dogs  were  some- 
times deformed,  and  Low,  in  his  work  on  the  Domesticated  Ani- 
mals of  Great  Britain,  refers  to  a  race  of  foxhounds  which  "  actu- 
ally became  monstrous  and  perished"  and  to  an  inbred  family  of 
hogs  the  members  of  which  from  inbreeding  "  became  diminished  in 
size — the  bristles  were  changed  into  hairs,  the  limbs  became  short 
and  feeble,  the  fertility  was  diminished,  and  the  mothers  were  unable 
to  nourish  their  young."  ^ 

I  find  that  closely  inbred  bitches  may  require  assistance  during 
parturition  and  are  sometimes  unable  to  nurse  their  young,  and  that 
the  young  if  they  survive  are  extremely  liable  to  be  carried  off  by 
distemper. 

But  though  inbreeding  may  soon  lead  to  a  loss  of  vigor  and  fer- 
tility in  dogs  and  perhaps  in  swine,  it  by  no  means  follows  that 
in-and-in  breeding  speedily  impairs  the  constitution  of  all  mammals. 


» Animals  and  Plants  under  I>omestication. 
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By  way  of  testing  the  effect  of  inbreeding  amongst  ruminants  I  have 
for  some  years  been  experimenting  with  goats.  The  results  of  this 
experiment  are  indicated  in  the  accompanying  diagram  (fig.  7). 
Some  of  the  animals  are  shown  in  Plate  XII,  figures  2  and  3. 

The  two  goats  selected  in  1899  were  believed  to  be  unrelated,  and  as 
they  were  not  members  of  pedigree  strains  they  had  presumably  not 
suffered  from  close  in-and-in  breeding.  The  male  was  a  year  old 
and  dark  brown  in  color ;  the  female  was  2  years  old  and  lemon  and 
white  in  color.    One  of  the  kids  born  in  1900  was  so  delicate  that  it 
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was  unable  to  obtain  nourishment  unaided.  For  six  weeks  the  dam 
was  held  several  times  a  day  to  allow  the  weakling  to  get  a  share  of 
his  mother's  milk.  This  procedure  the  dam  strongly  resented.  In 
a  wild  state  this  delicate  kid  would  have  succumbed.  When  about 
9  months  old  this  kid  (Darby  II)  was  mated  with  his  dam  with  the 
result  that  two  kids  were  born  in  the  spring  of  1901.  About  the 
same  time  Joan  II  gave  birth  to  a  kid  by  her  brother  Darby  II. 
All  these  kids  died,  but  they  were  handicapped  because  they  were 
the  offspring  of  a  sire  so  young  and  immature  that  in  a  wild  state  he 
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would  have  had  little  chance  of  breeding — a  sire,  moreover,  which 
under  ordinary  circumstances  would  have  succumbed  a  few  days 
after  his  birth.  There  was  nothing  remarkable  about  any  of  the 
1901  kids.  Strangely  enough,  the  kid  out  of  Joan  II  by  her  brother 
was  more  vigorous  and  lived  longer  than  the  kids  out  of  Joan  I  by 
her  son.  Joan  II-A  was  pure  white,  and  like  most  white-skinned 
mammals  she  was  extremely  sensitive  to  cold.  For  some  weeks  she 
did  well,  but  one  cold  damp  day  in  March  she  stopped  feeding, 
leaped  into  the  air,  and  in  a  few  minutes  was  dead. 

In  1902  Joan  I  had  a  kid  by  her  son  Darby  II  which  grew  up  mto 
a  vigorous  handsome  goat,  in  color  like  his  dam.  In  1903  the  orig- 
inal Joan  I  had  a  pair  of  kids  by  her  1902  son.  Darby  IV.  One  of 
these  kids  (Joan  IV)  died  young,  the  other.  Darby  V,  being  deficient 
in  vigor,  was  given  away.  In  1904  Joan  I  had  again  a  pair  of  kids 
by  her  grandson  Darby  IV,  who  by  the  autumn  of  1903  had  come  to 
his  full  strength.  The  1904  kids  (Darby  VI  and  Joan  V)  were  vig- 
orous from  the  first,  and  in  form  and  color  they  closely  resembled 
their  dam. 

When  about  9  months  old  Joan  V  was  mated  with  her  brother 
Darby  VI,  and,  notwithstanding  their  youth  and  consanguinity,  they 
produced  in  1905  two  extremely  vigorous  male  kids,  which  eventually 
grew  into  handsome  goats,  in  color  and  form  the  image  of  their 
great-great-grandsire  Darby  I. 

These  1905  kids  had  evidently  reverted  to  the  male  with  which  the 
experiments  were  started  in  1899.  As  there  was  no  evidence  of  loss  of 
vigor  in  the  1905  kids  they  would  doubtless  have  proved  from  the  first 
successful  sires  if  mated  with  unrelated  females.  One  of  them,  how- 
ever, was  bred  with  his  mother  in  the  autumn  of  1905,  with  the  re- 
sult that  only  one  delicate  short-lived  kid  made  its  appearance  in 
1906.  But  in  1907  Joan  V  produced  to  her  son  Darby  VII-A  a 
pair  of  goats  which  grew  well  and  appeared  vigorous.  In  190b 
Joan  VI  produced  to  her  brother  a  pair  of  kids  which  lived  only  a 
few  hours.  In  1909  Joan  VI  had  a  female  kid  by  her  brother  Darby 
IX  which,  like  the  kids  of  1908,  was  obviously  deficient  in  vigor.  A 
few  hours  after  birth  I  noticed  that  the  tarsal  bones  were  so  loosely 
connected  that  the  part  of  the  leg  below  the  hock  could  be  bent  back- 
ward onto  the  hip.  But  the  ligaments  soon  contracted,  and  the  kid 
being  ift)le  to  suck  eventually  developed  into  a  fairly  presentable 
animal  nearly  as  large  as  her  dam  but  more  highly  strung  and  de- 
cidedly finer  in  the  bone  and  in  the  coat. 

The  condition  of  the  1900  kid  made  it  evident  that  further  inbreed- 
ing would  not  be  justified.  Accordingly  in  1909  Joan  VII  was  put 
to  an  imrelated  male,  with  the  result  that  she  had  in  1910  an  ex- 
tremely vigorous  female  kid.  Joan  VIII  having  been  put  to  an 
unrelated  male  in  the  autunm  of  1910  is  expected  to  have  offsprin«r 
in  1911. 
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The  death  rate  in  this  experiment  has  been  very  heavy,  but  chiefly, 
I  think,  because  the  males  were  allowed  to  breed  before  they  were  a 
year  old.  Had  a  pair  of  goats  been  turned  out  on  a  small  island  and 
left  uiunolested  the  result  would  have  been  very  different,  probably 
not  unlike  what  happened  when  a  female  rabbit  and  her  young  were 
set  free  on  Porto  Santo.  For  some  time  the  death  rate  would  prob- 
ably have  been  high,  but  owing  to  reversions  such  as  occurred  with 
the  goats  in  1905  the  vigor  and  fertility  under  favorable  conditions 
would  have  been  maintained. 

Wlien  the  whole  subject  of  inbreeding  is  considered  it  may  be  said 
(1)  that  in  the  case  of  wild  animals  living  under  ordinary  but  not 
too  favorable  conditions  inbreeding,  owing  to  the  merciless  elimina- 
tion of  the  unfit,  is  not  likely  to  prove  injurious;  (2)  that  in  the  case 
of  domestic  animals  inbreeding  carried  too  far  may  lead  to  the 
destruction  of  the  race.  This  is  not  only  because  it  must  sooner  or 
later  result  in  diminished  vigor  and  fertility,  but  especially  because 
it  intensifies  the  bad  points  as  well  as  the  good. 

Nearly  all  the  famous  breeds  and  strains  were  formed  by  close 
inbreeding,  and  some  breeders  inbreed  from  first  to  last  regardless  of 
consequences. 

A  noted  breeder  of  terriers  ascribes  his  success  to  "  always  mating 
together  those  brothers  and  sisters  of  one  litter  which  had  the  most 
good  show  points."  "It  would  not  matter,"  he  says,  "how  many 
good  points  I  saw  in  a  dog  bred  by  another  person,  I  should  never 
use  his  dog  with  my  bitches,  for  if  I  did  the  variations  in  my  stock 
would  be  hopeless." 

This  breeder  of  dogs  says  he  is  certain  that  if  breeders  of  horses 
would  adopt  a  like  plan  they  would  produce  good  animals  nearly 
every  time.  This  view,  however,  is  not  supported  by  the  experiment 
of  Lord  Derby,  who  inbred  with  Papillon,  dam  of  the  Derby  winner, 
Sir  Peter.  For  nine  generations  brother  and  sister  were  mated. 
Von  Oettingen,  referring  to  this  experiment,  says  the  result  "  of  the 
inbreeding  mania  of  Lord  Derby  was  a  distinct  fiasco."  When 
breeding  horses  for  show  points  the  mating  of  members  of  the  same 
family  may  lead  to  success,  but  when  points  are  neglected  and  only 
speed  is  considered  the  breeding  of  brothers  and  sisters,  in  Germany 
and  America  as  well  as  in  England,  has  proved  so  complete  a  failure 
that  no  closely  inbred  Thoroughbreds  are  included  in  Goos't  tables, 
which  constitute  the  roll  of  honor  for  the  English  racehorse.  Dur- 
ing recent  years  there  has  been  a  great  demand  for  St.  Simon  blood. 
Perhaps  for  this  reason  this  great  line  seems  to  be  on  the  wane.  In 
1909  the  eight  highest  winners  in  England  did  not  include  a  horse 
of  St.  Simon  blood  in  tail  male. 

BREEDING  "  BEST  TO  BEST." 

Breeders  are  now  often  advised  to  take  counsel  from  Warfield, 
whose  experience  with  cattle  led  him  to  conclude  that  the  correct 
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system  or  rule  is  "to  breed  the  best  to  the  best,  and  to  avoid  close 
affinities."  Amongst  wild  forms  the  "  best "  means  an  individual  well 
adapted  for  its  surroundings  and  characterized  by  great  vigor  and 
fertility.  With  breeders  the  best  may  mean  the  fleetest,  or  the 
largest,  or  the  best  in  form,  color,  or  behavior,  but  in  their  eagerness 
for  "  good  show  points  "  vigor  and  fertility  are  apt  to  be  forgotten. 

In  some  breeds  mating  the  best  with  the  best  may  as  a  rule  give 
excellent  results;  in  others  it  may  yield  most  disappointing  results. 
It  usually  succeeds  when  the  breed  is  pure;  it  is  apt  to  fail  when 
the  breed,  though  regarded  as  pure,  consists  of  two  or  more  perfectly 
distinct  types  which  centuries  of  interbreeding  have  failed  to  blend 
into  one  type.  When  the  breed  is  pure,  there  is  variation  around 
one  mean — some  are  a  little  better  in  one  or  more  points  and  a  little 
worse  in  others — but  when  the  breed  is  a  mixture  of  two  or  three 
quite  distinct  types,  derived  from  as  many  wild  ancestors,  there  is 
variation  around  several  means  and  in  many  cases  marked  reversion. 

In  Galloway  cattle  we  have  a  nearly  pure  yet  vigorous  breed  in 
which  reversion  only  now  and  again  results  in  the  appearance  of 
rudiments  of  horns,  white  patches  on  the  udder  or  thigh,  or  a  white 
hind  foot.  In  this  case  to  breed  "  the  best  to  the  best "  and  avoid 
too  close  affinities  is  the  best  possible  procedure. 

But  Warfield's  rule  is  not  applicable  to  the  same  extent  to  Short- 
horns, a  mixed  breed  formed,  it  is  said,  about  two  centuries  ago  by 
crossing  British  cows  with  bulls  imported  from  Holland  and  Den- 
mark. The  result  of  mixing  British  and  continental  races  has  been 
to  produce  two  breeds,  one  white,  the  other  red,  both  of  which  breed 
true.  As  it  happens,  both  the  pure  breeds  and  their  crosses  are  ad- 
mitted into  the  Shorthorn  studbook.  Hence  the  Shorthorn,  so  called, 
breed  has  the  enormous  advantage  over  breeds  of  simpler  composi- 
tion, because  its  members  are  constantly  being  rejuvenated  by  inter- 
crossing. 

If  the  black  and  splashed  white  birds  which  produce  the  so-called 
pure  Blue  Andalusian  breed  of  fowls  were  included  in  the  breed, 
we  would  have  the  same  sort  of  mixture  as  obtains  in  the  Shorthorn. 

BREEDING  TO  TYPE. 

Shorthorn  breeders  usually  regulate  their  procedure  according  to 
whether  they  wish  to  produce  pure  red  or  pure  white  Shorthorns 
or  roan  hybrids,  or  aim  at  special  points,  such  as  producing  beef  or 
milk,  or  combining  beef  and  milk  in  the  same  animal  regardless  of 
color.  In  the  case  of  the  Shorthorn  the  pedigree  is  useful  in  enabling 
the  breeder  to  avoid  too  close  affinities,  but  it  is  of  comparatively 
little  use  for  any  other  purpose.  On  the  other  hand,  it  is  necessary 
to  bear  in  mind  that  though  a  pure  red  bull  appears  to  be  of  the  same 
type  as  a  number  of  pure  white  heifers,  it  by  no  means  follows  that 
their  roan-colored  hybrid  offspring  will  in  form  resemble  their  par- 
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ents.    The  act  of  crossing  may  lead  to  reversion  in  several  different 
directions. 

When  all  the  members  of  a  breed  are  descended  from  one  or  two 
types,  selecting  mates  for  the  females  is,  as  a  rule,  comparatively 
simple ;  but  when  a  breed  includes  three  or  more  quite  distinct  wild 
types  amongst  the  ancestors,  or  is  a  blend  of  three  or  more  ancient 
breeds,  the  selection  of  mates  is  often  very  difficult.  In  the  case  of 
the  English  race  horse  all  sorts  of  plans  have  been  tried,  but  the 
average  of  success  is  still  very  low.  Sir  Walter  Gilbey  some  years 
ago  referred  to  32  yearling  Thoroughbreds  which  sold  for  over 
$250,000.  Only  2  of  the  32  proved  successful,  and  their  total  earn- 
ings only  amounted  to  about  $25,000. 

Von  Oettingen,  who  has  made  a  special  study  of  the  English  race 
horse,  points  out  that  a  closely  inbred  horse  has  very  little  chance 
of  winning  races,  and  that  on  the  other  hand  unless  one  or  more 
noted  sires  occur  in  both  pedigrees  the  chances  are  about  equally 
small.  In  other  words,  to  produce  winners  breeders  must  avoid 
close  affinities  on  the  one  hand  and  the  mixing  up  of  different  types 
on  the  other.  What  Von  Oettingen  means  is  gathered  from  studying 
the  pedigree  of  Stockwell,  in  which  there  are  what  is  termed  five  free 
generations. 

In  the  case  of  Stockwell,  Orville,  Waxy,  and  Penelope  occur 
amongst  the  ancestors  of  both  the  sire  and  the  dam.  Orville  is  re- 
moved from  Pocahontas  (his  dam)  by  two  free  generations  and  from 
the  Baron  (his  sire)  by  three  free  generations,  which  gives  a  total  of 
five  free  generations. 

Von  Oettingen  finds  that  most  of  the  classical  winners  up  to  the 
middle  of  the  last  century  had  four  free  generations,  but  that  during 
recent  years  most  of  the  winners  have  had  five  free  generations. 
But  as  the  number  of  free  generations  increases  the  chances  of  suc- 
cess diminish.  Apparently  when  there  are  no  free  generations 
Thoroughbreds  are  deficient  in  vigor,  while  when  there  are  too  many 
free  generations  they  fail  because  speed  has  been  lost  by  reversion. 

The  usual  practice  in  the  case  of  Thoroughbreds  is  to  put  the  most 
successful  mares  to  the  most  successful  sires.  When  the  mares  hap- 
pen to  belong  to  the  same  type  as  the  sire  (and  they  are  likely  to  do 
this  if  they  are  both  related  to  ancestors  only  three  or  four  genera- 
tions removed)  there  is  a  chance  of  the  offspring  proving  good  per- 
formers, but  when  the  mares  belong  to  a  different  type  from  the  sire 
the  probability  is  that  the  offspring  by  reverting  will  be  character- 
ized by  stamina  rather  than  by  speed. 

From  what  has  been  said  on  the  principles  of  breeding,  it  follows 
that  Warfield's  maxim,  "  Breed  the  best  to  the  best,  avoiding  close 
affinities,"  might  well  be  extended  to  "  Breed  the  best  to  the  best,  but 
avoid  crossing  different  strains  and  different  types  of  the  same  strain, 
and,  as  a  rule,  avoid  close  affinities." 
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THE  ANCESTRY  OF  DOMESTICATED  CATTLE.* 

By  E.  W.  MoBSE, 
Specialist  in  Animal  Husbandry,  Office  of  Experiment  Stations,  U,  S.  Depart- 
ment of  Agriculture. 

I.  SOME  PROBABLE  ANCESTORS  OF  DOMESTICATED  CATTLE. 

INTRODUCTORY. 

The  origin  of  our  domesticated  cattle  has  been  the  special  object 
of  study  of  many  investigators,  but  the  results  of  their  labors  have 
been  written  largely  in  foreign  languages  and  have  been  published 
in  widely  scattered  periodicals.  In  this  article  an  attempt  is  made 
briefly  to  review  and  correlate  the  progress  made  by  the  many  zool- 
ogists, paleontologists,  anthropologists,  and  historians  who  have 
worked  on  this  difficult  problem,  as  the  original  publications  are  in- 
accessible except  to  those  living  in  the  vicinity  of  large  libraries. 

Many  details  which  would  be  of  interest  to  the  zoologist  have  been 
omitted  because  it  is  presupposed  that  the  majority  of  the  readers 
of  this  article  will  be  men  interested  in  cattle  breeding,  who  desire  to 
obtain  a  general  survey  of  what  is  known  concerning  the  ancestry  of 
European  and  American  cattle  but  who  are  too  preoccupied  with 
other  duties  to  read  a  mass  of  osteological  details  that  would  be  both 
interesting  and  necessary  to  the  scientist  who  is  making  a  special 
study  of  the  evolution  of  species.  For  those  who  care  to  pursue  the 
subject  further,  a  bibliography  of  some  of  the  more  important  con- 
tributions to  the  subject  is  appended.  The  reader  should  also  bear 
in  mind  that  many  facts  regarding  the  ancestry  of  cattle  are  still 
unknown.  Hence,  those  who  are  in  haste  to  have  all  questions  set- 
tled once  and  for  all  will  derive  but  little  cheer  from  the  following 
pages.  Much  work  remains  to  be  done  before  final  conclusions  can 
be  reached,  but  there  may  be  some  who,  like  the  author,  wish  to  know 
of  the  progress  which  has  already  been  made,  and  for  such  the  pres- 
ent work  has  been  prepared. 

By  the  term  "  cattle  "  we  usually  mean  domesticated  bovine  ani- 
mals, principally  of  two  species — Bos  taurus,  European  cattle,  and 
Bos  indicus^  the  humped  cattle  of  India  and  Africa,  commonly  called 

^The  two  papers  comprising  this  article  were  delivered^  in  a  somewhat  abbreviated 
form,  as  lectures  at  the  graduate  school  of  agriculture  at  Ames,  Iowa,  in  the  summer  of 
1910.  The  author  desires  to  acknowledge  his  indebtedness  to  the  writings  of  Lydekker, 
RUtimeyer,  Werner,  Nehring,  Wllckens,  Keller,  and  DUrst,  in  particular,  and  to  many 
other  authors,  some  of  whom  are  referred  to  In  the  text. 
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the  zebu.  The  older  writers  in  England  used  "  cattle  "  or  "  cattell '' 
as  a  collective  name  for  all  kinds  of  live  animals  held  as  property 
or  reared  to  serve  for  food  or  beasts  of  burden,  and  the  term  sometimes 
included  horses,  sheep,  swine,  and  by  some  writers  even  bees  and 
poultry.  Bovine  animals  were  then  designated  as  "horned  cattle," 
and  still  more  recently  as  "  black  cattle  "  and  "  neat  cattle."  "  Black 
cattle  "  was  probably  first  applied  to  the  black  breeds  of  Scotland  and 
Wales.  Later  it  had  a  more  general  application.  "  Neat  cattle " 
were  so  designated  because  they  were  useful,  "neat"  being  derived 
from  the  Anglo-Saxon  word  "neotan"  (to  make  use  of).  The  word 
"  cattle  "  is  another  form  of  the  word  "  chattel "  and  "  capital,"  mean- 
ing originally  goods  or  property,  cattle  among  many  primitive  peoples 
being  the  most  valuable  goods,  and  frequently  the  measure  of  value  of 
other  kinds  of  property.  The  old  English  equivalent  for  cattle  is 
"kine"  or  "kyan,"  derived  from  cy,  the  plural  of  cu,  Anglo-Saxon 
for  cow.  The  term  "  ox  "  is  often  used  for  cattle  in  general,  but  in 
a  restricted  sense  it  signifies  mature  castrated  male  cattle  used  for 
draft  purposes,  though  in  Continental  Europe  the  term  has  sometimes 
been  applied  to  a  male  not  castrated. 

HISTORICAL  SKETCH  OF  THE  BOVIDiE. 

Domesticated  cattle  have  been  derived  from  wild  species  of  the 
genus  Bo8^  which  is  one  of  the  largest  genera  of  the  family  Bovidae. 
The  members  of  this  family,  like  all  ruminating  mammals,  possess 
hoofs  with  an  even  number  of  toes.  Among  the  noticeable  features 
which  separate  them  from  other  ruminants  are  the  persistent  horns 
with  a  bony  horncore. 

The  earliest  traces  of  hoofed  animals  are  fragments  of  bones  dis- 
covered in  New  Mexico,  which  were  found  embedded  in  deposits 
formed  in  the  geological  period  known  as  the  Eocene.  It  is  difficult 
to  distinguish  the  forerunners  of  these  herbivorous  animals  with 
hoofs  from  the  carnivorous  species  that  had  claws.  Both  walked  on 
the  soles  of  their  feet,  provided  with  digits  that  might  answer  either 
for  claws  or  for  hoofs.  Before  the  close  of  the  Eocene  period 
typical  hoofs  had  developed  in  animals  living  in  both  North  America 
and  Europe.  As  hoofs  developed  some  of  the  digits  were  lost.  In 
later  Tertiary  formations  many  changes  of  the  skeleton  took  place, 
which  led  to  the  inference  that  small  marsh  and  forest  dwelling  ani- 
mals feeding  on  succulent  vegetation  had  gradually  changed  into 
hard-hoofed  quadrupeds  fitted  for  life  on  grassy  plains  and  pro- 
vided with  powerful  grinding  teeth  capable  of  masticating  coarse 
and  dry  herbage.  A  thickening  of  the  brain  case,  often  bearing 
horns,  the  disapi^arance  of  the  incisor  and  canine  teeth  from  the 
upper  jaw,  an  increasing  height  of  the  molar  crowns,  and  a  reduction 
of  digits  from  five  to  two,  were  some  of  the  important  skeletal  modi- 
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fications  which  may  be  correlated  with  the  incoming  of  grasses  as  a 
dominant  feature  of  the  landscape  (Woodward,  1898). 

The  even-toed  XJngulata  (Artiodactyla)  had  their  chief  develop- 
ment in  Europe,  and  after  the  Eocene  period  there  was  a  great  variety 
of  forms.  The  nuninating  Artiodactyla  became  vastly  expanded 
and  diversified.  They  were  plastic,  adaptable,  and  eventually 
migrated  to  all  the  continents  except  Australia,  but  perhaps  did  not 
reach  North  America  until  the  Miocene  period,  at  which  time  they 
were  far  advanced  toward  the  specialized  forms  found  in  the  pres- 
ent era.  In  the  Miocene  of  Europe  and  southern  India  remains  have 
been  found  of  deerlike  antelopes  that  were  formerly  thought  to  be 
the  lineal  descendants  of  earlier  forms  of  the  Tragulidae.  Some 
paleontologists,  however,  do  not  think  that  the  Tragulidae  are  in  a 
direct  line  of  bovide  ancestry.*  The  Miocene  antelopes  referred  to 
above,  in  the  opinion  of  some  paleontologists,  mark  the  first  appear- 
ance of  the  Bovidse,  which  includes  sheep,  goats,  musk  oxen,  and 
antelopes,  as  well  as  cattle.  It  is  the  youngest  and  most  specialized 
family  of  hoofed  animals,  having  reached  their  best  development 
only  during  the  present  geological  period.  Members  of  the  family 
have  been  found  in  all  parts  of  the  globe  except  South  America  and 
Australia.  In  North  America  it  is  represented  by  the  bison,  musk 
ox,  mountain  sheep,  mountain  goat,  and  a  few  allied  fossil  forms. 
Kemains  found  in  Alaska  indicate  that  some  of  these  species  may 
have  migrated  from  Asia  in  comparatively  recent  times.  Africa 
appears  to  be  the  center  of  distribution,  although  their  original  home 
may  have  been  in  Asia.  The  Cervidae,  or  deer  family,  is  closely 
allied  to  the  Bovidae,  but  they  have  solid  horns,  which  branch  and 
are  shed  annually,  while  the  Bovidae  have  persistent,  unbranched 
horns,  with  a  body  horn  core  which  is  surrounded  by  a  horn  sheath 
that  grows  continuously  from  the  base.  AntUocapra,  an  antelope  of 
western  North  America,  known  as  the  pronghorn,  is  a  connecting 
link  between  the  two  families.  Its  horns  are  branched  and  the  horn 
sheath,  but  not  the  horn  core,  is  deciduous.  Other  characteristics 
of  the  family  Bovidae  are  described  by  Lydekker  as  follows : 

No  members  of  the  family,  either  living  or  extinct,  possess  upper  canine 
teeth,  or  tusks,  which  are  frequently  so  strongly  developed  in  the  deer  tribe 
(especially  when  antlers  are  wanting)  ;  and  in  this  respect  the  hollow-horned 
are  clearly  more  ^)eciallzed  than  the  antlered  ruminants.  Very  rarely  do 
they  show  those  tufts  and  glands  on  the  lower  part  of  the  hind  legs  which 
form  such  a  characteristic  feature  in  many  of  the  deer. 

Flirther  evidence  of  the  specialization  or  high  grade  of  the  family  is  afforded 
by  the  fact  that  the  lower  ends  of  the  metacari^al  and  metatarsal  bones,  which 
persist  in  so  many  of  the  deer,  have  invariably  disappeared.  Then,  again,  the 
lateral  toes  are  very  generally  represented  merely  by  the  lateral  hoofs,  although 
in  certain  cases  some  small  nodules  of  bone  within  them  represent  the  skeleton 


^For  a  discussion  of  this  subject  see  Gregory. 
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of  these  x>ortion8  of  the  limbs.  Moreover,  in  some  members  of  the  family 
(although  in  none  of  those  described  here)  even  the  lateral  hoofs  themselves 
have  disappeared  and  the  main  hoofs  alone  remain. 

The  geological  position  of  the  Bovidse  is  shown  in  figure  8. 

THB  GENUS  BOS  AND  ITS  FIVE  SUBGENERA  OR  GROUPS. 

The  genus  Boa  is  the  most  specialized  division  of  the  family  Bo- 
videe,  as  is  shown  by  the  structure  of  the  teeth  and  by  its  late  appear- 
ance, geologically  speaking.  Lydekker  has  enlarged  the  genus  so 
that  it  includes  the  species  formerly  known  under  the  genera  of 
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Fig.  8. — Diagram  showing  geological  position  of  the  Bovld®. 

Boa^  BlhoH^  Leptohos^  Amphiboa^  Bison^  Buhalus^  Prohuhalvs^  and 
Bujfelus.  He  makes  five  subgenera,  however,  which  correspond 
closely  to  the  genera  of  the  older  classification.  The  five  subgenera 
or  groups  he  designates  as  (1)  Taurine,  which  includes  our  common 
oxen  and  the  humped  cattle  of  Africa  and  Asia;  (2)  Bibovine,  com- 
posed of  the  gaur,  gayal,  and  banting;  (3)  Leptobovine  (extinct 
species  only);  (4)  Bisontine,  which  includes  the  yak  and  bisons; 
and  (5)  Bubaline,  or  buffalo  group. 

The  size  of  the  wild  species  that  are  members  of  the  genus  Bos 
range  from  that  of  the  anoa,  which  is  only  3  feet  3  inches  in  height 
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at  the  shoulder,  to  the  banting  and  the  gaur,  which  measure  nearly 
6  feet  in  height.  Among  domesticated  cattle  we  find  that  some  indi- 
viduals of  the  Dexter-Kerry,  Brittany,  and  Permian  breeds,  as  well 
as  cattle  at  the  North  Cape,  are  only  a  little  over  3  feet  in  height. 
The  domesticated  water  buflFalo  is  sometimes  6J  feet  high,  and  some 
specimens  of  the  sacred  oxen  of  Ceylon  are  said  to  be  only  2  feet  2 
inches  in  height. 

TAURINE  GROUP — SUBGENUS  BOS. 

The  Taurine  group  is  diflFerentiated  from  the  other  groups  as  fol- 
lows: Typically,  the  horns  are  nearly  or  quite  cylindrical,  and  are 
situated  far  apart  on  a  ridge  which  forms  the  extreme  vertex  of  the 
skull  that  overhangs  the  proper  occipital  surface  of  the  latter;  the 
forehead  of  the  skull  is  flat,  elongated,  with  a  long  interval  between 
the  bases  of  the  horn  cores  and  the  sockets  of  the  eyes,  which  are  not 
tubular;  the  nasal  bones  are  relatively  elongated;  the  back  alone  is 
nearly  straight,  except  in  the  zebu ;  the  hair  is  uniformly  short ;  the 
legs  are  typically  without  sharply  defined  "white  stockings;"  the 
seventh  or  last  cervical  vertebra  is  short;  the  spines  of  the  dorsal 
vertebrae  are  of  moderate  height  and  slope  regularly  away  to  the 
lumbar  vertebrae,  thus  producing  the  comparatively  straight  line  of 
the  back.  The  upward  production  of  the  vertex  of  the  skull,  so  as 
completely  to  shut  out  the  occipital  surface  in  a  front  view,  and  the 
abbreviation  of  the  parietal  zone,  indicate  that  the  Taurine,  Bibo- 
vine,  and  Leptobovine  groups  are  the  more  specialized  of  all  the  oxen, 
but  as  regards  the  vertebrae  the  Bisontine  group  is  more  advanced 
than  the  Taurine.     (Lydekker,  1898.) 

Members  of  the  Taurine  group  formerly  ranged  from  Europe, 
Asia,  and  North  Africa,  although  none  are  found  wild  to-day  except 
where  they  may  have  escaped  from  domestication.  All  domesticated 
forms  without  the  hump  Lydekker  reduces  to  one  species.  Bos  taurus 
typicus;  those  possessing  the  hump,  to  Bos  taums  indicus.  These 
two  types  have  played  the  greatest  role  in  civilization  of  any  of  the 
Bovidae  and  have  no  near  wild  representatives  now  living. 

BIBOVINE   GROUP SUBGENUS   BIBOS. 

All  of  the  Bibovine  group  are  humped  forms  and  are  natives  of 
southern  India.  The  forehead  is  shorter  than  that  of  the  Taurine 
group,  the  width  at  the  base  of  the  horns  is  less,  the  tail  is  relatively 
shorter,  and  the  legs  are  wide  from  hock  to  hoof.  The  banting  and 
the  gayal  have  been  considered  by  some  zoologists  as  distinct  species, 
while  others  regard  them  only  as  forms  of  the  gaur,  one  of  the  largest 
and  most  magnificent  miembers  of  the  family. 
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LEPTOBOVINE  GROUP — SUBGENUS  LEPT0B08. 

This  group  consists  of  extinct  species  only,  and  the  different  mem- 
bers will  be  treated  later. 

BISONTINE  GROUP — SUBGENUS  BISON. 

The  important  members  of  this  group  are  the  European  bison,  the 
American  bison,  anjd  the  yak.  They  may  at  diflFerent  times  have  been 
crossed  with  Boa  primigenivs  and  Bos  longifrons,  as  the  Ameri- 
can bison  is  being  used  at  the  present  time  in  the  United  States  with 
some  of  the  best  beef  breeds  with  the  expectation  of  producing  a  bet- 
ter breed  of  beef  cattle  than  any  now  known.  The  resulting  cross  is 
commonly  spoken  of  as  a  "  cattalo." 

Bos  grunniens^  or  the  yak,  ranges  over  nearly  the  entire  central 
part  of  Asia.  The  domesticated  yak,  though  somewhat  smaller  in 
size,  is  probably  derived  directly  from  the  wild  form.  Kohler, 
however,  thinks  the  domesticated  form  is  a  cross  "between  the  wild 
yak  bull  and  a  domesticated  cow  of  the  Taurine  group.  Kegel 
(1884)  also  is  of  the  opinion  that  there  is  yak  blood  in  the  long- 
haired cattle  of  the  upper  Oxus. 

BUBALINE  group — SUBGENUS  BUBALUS. 

The  buflFalo  is  a  domesticated  animal  of  considerable  importance 
in  southeastern  Europe  and  southern  and  eastern  Asia.  It  is  used 
as  a  draft  animal  and  for  beef  production,  and  in  some  sections  is 
the  principal  dairy  animal. 

The  domesticated  buffalo  was  known  in  Europe  previous  to  Roman 
times.  'It  was  first  introduced  as  a  domesticated  animal  into  Italy 
at  the  end  of  the  sixth  century.  Before  that  time  it  was  common 
in  the  region  of  the  Danube  and  had  probably  come  from  Asia. 
There  was,  however,  a  Pleistocene  form.  Bos  antiquus^  the  Algerian 
buffalo,  which  roamed  from  Algeria  to  South  Africa,  and  it  is  pos- 
sible that  the  different  species  of  domesticated  buffaloes  have  origi- 
nated from  several  wild  species  of  this  group. 

EXTINCT  SPECIES  IN  RELATION  TO  ANCESTRY  OF  DOMESTICATED 

CATTLE. 

In  considering  the  extinct  species  which  may  possibly  be  ancestors 
of  domesticated  European  varieties  of  cattle  one  can  not  at  present 
go  back  further  in  geological  history  than  the  horizons  in  the 
Pliocene  epoch. 
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Plate  XIII. 
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PUOCENE    EPOCH. 
Geological  distribution  of  the  principal  species  of  wild  oxen. 


Geological 
epoch. 

Asia. 

Africa. 

Europe. 

Bos  primigenius. 
Bison  bonasus. 
caucasicus. 

America. 

Kf»eciit. 

Bm  primigenUu. 
namadiau. 
iTidicw  (tebu). 
Biboa  gaunu  (gaur). 
frontalU  (gayal). 
aondaicus  (bant- 

Peaphoffus   grunmena 
(yak). 

fitiM/tM   (many    spe- 
cies). 

Bos  indicus. 
Bubalus    calfre     (5 
races). 

Bison  bison. 

Pleistocene. 

Bos  ptimigeniu*. 

namadiau. 
Lrptoboa  fratrri. 

Bubalus  palstindicus. 

Bos^primiaenius. 

'  mauritanicus. 
Bubalus  antiqutu. 
Bison  priscus. 

Bos  primigenius. 
Bison  priscun. 
Bubalus  pallasi. 

Bison  UUifrons. 
occidentalis, 
aniiquus. 
crassieomis. 
alleni. 
feroT. 
bison. 

Pliocene. 

Bo»  acutifrona.               \ 

planifroTu. 

LfpCobos  falconer  i. 

Bison  sivalensU.            ! 

Bubalus  triqwtricomis. 

aatticomis.      j 

platyc(Tos.        1 

Lcptobos  elatus. 
{etrusnts.) 

Bison  (?). 

The  Leptobovine  group  in  Pliocene  time  i.s  represented  by  at  least 
two  extinct  species — Bos  elatua  and  Bos  falconerL  Boh  elatus^  the 
Etruscan  ox  (fig.  0),  lived  in  France  and  Italy  in  the  late  Pliocene. 
The  horn  cores  of  the  male  grew  outward,  then  curved  gradually  up- 
ward, with  an  inward  tendency  at  the  tips.  The  limb  bones  indicate 
a  comparatively  slightly  built  animal.  The  lower  molar  teeth  have 
a  small  additional  column  on  the  inner  side.  Deperet  considers  Bos 
elatus  a  bison  because  of  its  dentition.  Bos  etruseus  (Falconer), 
originally  described  as  a  separate  species,  is,  according  to  Dr.  For- 
syth-Major, merely  the  female  of  Bos  elatus.  Bos  falconeri  is  im- 
perfectly known,  but  is  apparently  distinguished  from  Bos  elatus  by 
the  more  slender  form  of  the  skull  of  the  male  and  the  more  upright 
direction  of  the  horn  cores,  of  which  the  bases  alone  are  preserved. 
Remains  of  this  species  are  found  in  the  fresh-water  deposits  of  the 
Siwalik  Hills  of  India,  laid  down  in  the  early  Pliocene. 

These  species  are  closely  allied  to  the  banting  (PI.  XIII),  as  is 
shown  by  the  curvature  of  the  cylindrical  horns,  the  shape  of  the 
nasal  bones,  and  in  the  shortness  of  the  skull.  On  the  other  hand, 
the  horn  cores  of  the  bulls  are  situated  far  below  the  vertex  of  the 
skull,  midway  between  the  occiput  and  the  orbits.  The  cows  are 
hornless.     Probably  the  banting   {Bos  sondaicus)   is  their  nearest 
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modern  relative,  which  Keller  says  can  not  be  the  ancestor  of  the 
large  European  breeds  because  the  occipital  parts  are  too  prominent. 
Turning  to  the  Taurine  group,  we  find  that  Bos  acutifronH.  the 
Siwalik  ox  (fig.  10),  is  found  in  late  Pliocene  deposits.  It  was  a 
large  animal,  with  angulated  frontals  and  with  enormous  horns, 
measuring  about  10  feet  from  tip  to  tip.  Riitimeyer  regarded  this 
and  Bos  planifrons  as  forms  of  Bos  prbnigenius^  while  Lydekker 
considers  them  as  distinct  species.  Bos  planifrons^  with  shorter 
horns  and  flattened  frontals,  may  have  been  the  female  of  acutifrons. 


Fig.  9.— Skull  of  Bos  elatus.     (From  Riitimeyer.) 

Ewart  (1911)   has  found  a  modern  type  of  acutlfrons  among  the 
skulls  in  the  Roman  fort  at  Newstead,  England. 

PLEISTOCENE    EPOCH. 

In  this  epoch  the  species  of  most  interest  in  the  Bubaline  group  is 
the  Algerian  buffalo,  previously  referred  to.  (See  fig.  10.)  A  promi- 
nent member  of  the  Bisontine  group  was  Btson  prisnfs,  which 
roamed  over  Europe,  Asia,  and  Xorth  Africa.  This  species  is  prob- 
ably the  ancestor  of  both  the  European  and  American  bison.     The 
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Leptobovine  group  apparently  contained  only  one  species,  the  last 
member  of  the  group,  Bos  fraseri^  and  even  this  is  imperfectly  known, 
as  only  few  fossils  have  been  found  in  the  Narbada  Valley,  India. 
It  resembles  Bos  falconeri  in  most  respects,  but  also  must  be  closely 
allied  to  the  banting,  because  the  horn  cores  are  situated  some  dis- 
tance below  the  vertex  of  the  skull. 

In  the  Pleistocene  epoch  the  Taurine  group  is  represented  by  Bos 
taurus  mauritaniciLS  and  Bos  namadicus.  Bos  taurus  mauritanicus^ 
so  named  by  Thomas,  is  probably  identical  with  Bos  opisthonomus 
of  Pomel,  that  lived  in  Algeria  and  Tunis  until  historic  times  and 
may  be  only  a  variety  of  the  European  wild  ox.  Bos  primigemics^  from 
which  it  can  be  distinguished  only  by  a  shorter  forehead,  larger  and 


Fig.  10. — Skulls  of  Algerian  buffalo   (upper  figure)    and  Bos  acutifrons   (lower  figure). 

(From  Lydekker.) 

more  slender  limbs,  and  with  horn  cores  which  curved  less  forward 
but  more  downward.  Bos  namadirys,  the  Narbada  ox  (fig.  11),  first 
described  by  Falconer  and  later  called  paleogarus  by  Eiitimeyer,  is 
one  of  the  best  known  species  of  extinct  Indian  oxen.  It  is  so  closely 
allied  to  Bos  primigenius  that  it  is  now  considered  as  the  Asiatic  and 
probably  older  form  of  primigenius.  In  some  specimens  the  horn 
cores  are  somewhat  flattened  at  the  base,  which  shows  a  close  rela- 
tionship to  the  Bibovine  type.  Lydekker  suggests  that  it  may  have 
been  the  ancestor  of  both  the  Bibovine  and  Taurine  types,  and  at  the 
same  time  a  descendant  of  Bos  acutifrons.  Bos  namadicus  was  a 
contemporary  of  early  man  in  India  during  the  Old  Stone  period 
and  has  recently  been  found  in  the  lowest  layers  of  the  deposits  at 
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Anau,  Turkestan  (Diirst).  The  cranium  of  Bos  namadicus  differs 
from  that  of  primigenius  in  the  following  points:  The  short  pre- 
maxillse,  which  do  not  reach  the  nasals;  the  low  position  of  the 
occipital  crest  relatively  to  the  horn  cores ;  the  arcuated  intercornual 
ridge;  the  intrusion  of  the  temporal  fossfie  on  to  the  occiput:  the  con- 
cave plane  of  the  latter,  and  the  regular  curve  of  the  occipital  crest. 
In  almost  all  of  these  points  in  which  the  cranium  of  Bos  namadicus 
differs  from  that  of  Bos  primigenius  it  approaches  to  the  crania  of 
the  genus  Bibos.  The  peculiar  forward  curve  of  the  ht)m  cores  of 
this  species,  as  is  well  shown  in  the  profile  view  (fig.  11),  presents 
considerable  resemblance  to  the  curve  of  the  horn  cores  of  the  yak. 
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Fig.  11. — Skull  of  Hos  namadicus.     1,  Frontal  aspect ;  2,  lateral  aspect ;  3.  cross  section 
of  horn  near  tip;  4,  cross  section  of  horn  near  base.     (From  Lydekkcr.) 

This,  however,  can  not  be  taken  as  of  any  importance  in  showing 
kinship  between  the  two  animals,  as  the  forms  of  the  crania  of  the 
two  are  so  entirely  different  (Lydekker). 

All  species  of  Bos  which  lived  in  the  Pliocene  and  Pleistocene  are 
now  extinct,  although  the  blood  of  several  forms  of  Bos  primigenius^ 
Bos  namadicus^  and  Bos  prtscus  may  still  flow  in  the  veins  of  our 
domesticated  cattle.  To  these  species  and  the  representatives  of  the 
genus  durinuf  the  Recent  or  Alluvial  periods  we  must  look  for  the 
genealogy  of  our  cattle.  On  the  other  hand,  probably  all  of  the 
species  of  the  Recent  period  have  played  a  part  in  the  history  of  cattle 
raising. 
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RECENT   PERIOD. 
Bos   PBIMIGENIUS. 

Bo8  primigeni'us  (Boj,  1827),  a  contemporary  and  probably  a  vari- 
ety of  B.  namadicuSj  was  a  large  and  stately  animal,  being  6  or  7 
feet  high  at  the  withers.  It  roamed  over  western  Asia,  northern 
Africa,  and  the  entire  continent  of  Europe  during  the  Pleistocene 
and  Recent  periods.  Like  its  near  relative  the  European  bison  (Bos 
bonastis)  y  it  wsis  a  forest-loving  animal  and,  judging  from  old  pictures 


Fia.  12. — Frontal  aspect  of  four  types  of  skulls.     (After  Wllckens.) 

and  inscriptions,  it  had  a  hairy  coat,  which  varied  in  color  from 
black  or  dark  brown  in  summer  to  gray  in  winter.  A  light -colored 
ring  encircled  the  muzzle,  and  along  the  back  was  a  white  stripe. 
Unlike  the  bison,  it  had  no  long  hair  about  the  head  and  neck.  To 
the  old  Teutons,  who  used  its  large  horns  for  drinking  vessels,  it 
was  known  as  the  aurochs,  or  ur.  But  after  its  extinction  the  latter 
name  was  applied  to  the  bison,  which  unfortunately  has  led  to  much 
confusion.  To  the  Russians  it  was  known  as  the  tur  or  thur.  Ca?sjir 
speaks  of  it  as  urus. 
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That  there  were  large  numbers  of  them  is  shown  by  the  nmnerous 
fossil  remains  found  throughout  a  wide  region.  One  of  the  best 
skeletons  ever  found  is  that  of  a  female  apparently  from  6  to  8  years 
of  age.  The  skeleton  was  dug  up  in  1887  from  the  bottom  of  a 
peat  bog  at  Guhlen,  on  the  shores  of  Schweiloch  Lake,  Brandenburg, 
Germany,  and  is  now  in  the  zoological  collection  of  the  Agricultural 
High  School  of  Berlin. 

This  skeleton,  as  described  by  Nehring  (1888),  is  very  similar  to 
that  of  the  cattle  of  the  lowland  and  steppe  breeds  found  in  Europe 
to-day,  except  in  such  changes  as  would  naturally  come  about  by 
domestication.  The  horns  of  Bos  primigenius^  though  slender,  were 
long  and  strong,  forming  at  first  a  half  circle,  then  extending  out- 
ward and  a  little  to  the  rear.  At  about  the  middle  they  begin  to 
turn  to  the  front  and  end  in  a  point  turned  a  little  upward.  The 
forehead  and  face  were  long  and  narrow,  with  slightly  concave  sur- 
faces. The  whole  cranium  was  somewhat  flattened,  the  contour  lines 
being  comparatively  straight.  Measurements  agree  relatively  with 
those  of  the  wild  cattle  of  Chillingham  Park,  England.  The  fore- 
head was  long,  narrow,  and  quite  flat.  The  length  of  the  forehead 
was  47  per  cent  of  the  length  of  the  entire  skull.  .  The  size  of  other 
skeletons  of  the  ur  varies  from  that  of  our  domesticated  cattle  to 
over  6  feet  in  height  at  the  withers  and  to  12  fe*et  in  length. 

The  first  appearance  of  Bos  primigenius  was  in  the  Pleistocene 
period,  when  Europe  had  a  warmer  climate  than  at  present.  It  was 
a  contemporary  of  Bos  priscus  (the  ancestor  of  the  European  and 
American  bisons),  Bos  honasus  (European  bison),  the  mammoth, 
the  Irish  elk,  and  other  large  animals.  Bos  priscus  was  more  nu- 
merous before  the  appearance  of  Bos  pnmigenius^  by  which  it  may 
have  been  driven  out.  The  remains  of  Bos  primigenius  are  found  in 
all  the  earlier  pileworks  of  the  Lake  Dwellers.  It  was  first  do- 
mesticated in  Neolithic  times,  and  later  the  wild  form  was  driven 
out  by  man. 

There  is  much  evidence  to  show  that  the  wild  ur  or  urus  has  lived 
within  historic  times.  It  is  mentioned  by  Ca?sar,  who  saw  it,  or 
knew  of  it,  as  an  inhabitant  of  the  Hercynian  forest.  Seneca 
speaks  of  both  tame  and  wild  cattle.  Tacitus  and  Pliny  say  that 
the  horns  of  these  cattle,  used  as  drinking  horns,  sometimes  held  as 
much  as  2  urs  (12  liters).  In  the  Niebelungen  Lied,  Siegfried  kills 
a  wisent  (bison)  and  four  ur.  In  an  old  chart,  made  in  1284,  the 
urus  is  said  to  exist  between  the  upper  Duna,  the  Dnieper,  and  the 
Carpathians,  the  same  region  in  which  he  is  thought  to  have  become 
exterminated  in  the  seventeenth  century  (Beltz,  1896). 

Fraas  tells  of  two  Roman  statuettes  of  oxen  which  were  dug  from 
a  depth  of  9  feet  in  widening  a  railway  in  Swabia,  in  1895.  One 
represented  a  bison,  the  other  an  aurochs.     So  it  is  presumed  that 
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both  lived  in  the  Black  Forest  in  Roman  times;  one  roamed  in  the 
woods  of  the  highlands,  the  other  in  the  lowet*  meadows. 

A  painting,  presumably  made  about  1500  and  found  in  1827  in 
Augsburg,  represents  a  rough-haired  maneless  bull,  with  large  head, 
thick  neck,  and  small  dewlap.  Its  powerful  horns  turn  forward, 
then  outw^ard,  and  are  light  colored  with  black  points.  The  color 
is  sooty  black,  with  a  white  ring  about  the  mouth.  A  copy  of  the 
picture  is  in  Griffith's  "Animal  Kingdom,"  a  translation  of  Cuvicr's 
"  Le  Regne  Animal,"  Volume  IV,  and  is  here  reproduced  (PL  XIV, 
fig.  1).     No  one  knows  who  painted  the  picture.     Nehring  (1896) 


Fir,.  13. — Skull  of  Bos  primiffcniua.     (From  Werner.) 

thinks  it  represents  a  wild  form,  while  Keller  (1897)  says  it  has  too 
fine  a  nose  to  be  any  but  a  domesticated  animal. 

In  1889  two  golden  cups,  on  which  were  engraved  pictures  of  cattle, 
were  found  in  a  grave  at  Vaphio,  near  Sparta  (see  PL  XV).  These 
cups,  now  in  the  museum  of  the  Archeological  Society  at  Athens,  are 
evidently  the  work  of  a  master  artist  of  the  Mycenaean  period,  about 
150  B.  C.  On  one  is  represented  a  hunting  scene  with  three  wild 
oxen;  on  the  other  is  a  wild  ox  held  by  a  man,  who  has  fastened  a 
rope  about  the  hind  leg  of  the  beast.  Two  other  oxen  appear  peace- 
ful and  domesticated.  These  figures  are  supposed  to  illustrate  hunt- 
ing, capturing,  taming,  and  domesticating.  Homer  does  not  mention 
this  wild  ox;  the  Phenician  metal  worker  does  not  depict  him; 
Egj'ptians  always  represent  cattle  as  tamed;  so  Keller  (1897)  says 
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the  artist  must  have  represented  European  cattle,  and  as  Europe 
possessed  only  two,  the  bison  and  the  ur,  this  surely  is  not  the  bison 
and  so  must  have  been  a  representation  of  the  ur. 

Krause  (1898)  is  of  the  opinion  that  the  cups  were  of  Babylonian 
and  not  Greek  workmanship,  because  the  wild  steer  is  represented  in 
a  land  of  date  palms.    This  opinion  is  refuted  by  Keller  (1898). 

A  skull,  preserved  in  the  castle  of  Bromberg,  Prussia,  shows  three 
spear  wounds  on  the  forehead.  This  is  surely  some  evidence  that 
the  urus  lived  so  recently  in  Europe  that  many  European  breeds  of 
cattle  may  be  his  immediate  descendants,  although  Pallas  (1769), 
Bojanus  (1827),  and  Jarocki  (1830)  maintained  that  no  one  in  his- 
torical times  had  seen  a  living  specimen.  This  is  contrary,  however, 
to  the  opinion  of  Gesner,  Buffon,  Cuvier,  and  many  other  zoologists 
who  have  studied  the  problem. 

Perhaps  the  best  affirmative  evidence  that  both  the  urus  and  the 
European  bison  lived  within  historical  times  is  furnished  by  Baron 
Herberstain,  who  lived  during  the  first  half  of  the  sixteenth  cen- 
tury. According  to  his  own  statements  he  saw  both  of  these  animals 
when  he  tarried  at  the  court  of  King  Sigismund  August  of  Poland 
during  a  journey  to  Moscow. 

The  following  is  a  free  translation  from  the  German  of  Nehring 
(1896) : 

Of  the  wild  animals  in  lands  belonging  to  Lithuania,  besides  those  native  to 
(lerman  soil,  is  one  which  they  call  **siiber.*'  It  is  called  "bijjon"  in  T^itin, 
while  Germans  call  It  "aurochs."  Closely  related  to  it  is  another  animal, 
**  tur,"  or  Latin  "  urus."  We  Germans  call  it  **  bisont "  incorrectly,  for  its  form 
is  that  of  a  wild  ox.  Its  color  is  nearly  black,  with  a  grayish  stripe  along 
the  back. 

The  suber  is  considerably  different  from  the  wild  ox ;  the  head  is  short  and 
the  forehead  broad.  The  horns  are  far  apart,  but  with  the  points  turned  to- 
ward each  other  and  are  effective  as  a  means  of  defense.  Horns  have  been 
found  so  large  that  3  large  men  could  sit  between  them.  They  are  much 
thicker  and  shorter  than  the  horns  of  the  urus.  The  suber  is  much  higher 
at  the  withers  than  at  the  rump.  The  hair  is  coarse  and  hard,  and  not  so  black 
as  that  of  tiie  urua  Along  the  throat  and  neck  the  hair  is  much  longer  than  on 
other  parts  of  the  body. 

Under  one  of  Herberstain's  pictures  is  the  following  statement: 
"I  am  the  urus  which  the  Polonaise  call  tur,  the  Germans  aurox, 
and  the  vulgar  bison."  Under  another,  "I  am  the  bison  that  the 
Polonaise  call  suber,  the  Germans  wysent,  and  the  vulgar  urochs." 
It  is  this  Babel  of  tongues  which  has  helped  to  obscure  the  point  at 
issue.  Some  of  the  older  German  naturalists,  including  Brehm,  have 
called  the  European  wild  ox  "aurochs"  and  the  bison  "urus." 
French,  Italian,  Swiss,  Belgian,  and  English  naturalists  have  called 
the  bison  "  aurochs  "  and  the  wild  ox  "  urus." 

The  first  edition  of  Herberstain's  travels  was  published  in  1549 
under  the  title  of  "  Rerum  Moscovitcarum  Commentarii,"  and  con- 
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Plate  XIV. 


Fig.  1.— The  Augsburg  Painting  of  the  Urus. 


Fig.  2.— Herberstain's  Picture  of  the  Urus.    (From  Nehring.) 
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Plate  XV. 


The  Vaphio  Cups  and  their  Scrolls.    (From  Richardson.) 
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tains  no  pictures  of  either  urus  or  bison.  The  editions  of  1551  and 
1556  contain  pictures  of  both.  An  edition  of  1557,  published  by 
Johannes  Steelsius,  says  that  the  forest  cattle  {Boves  sylvestris) 
differ  from  domestic  only  in  being  black  with  a  white  stripe  along 
the  back.  An  edition  of  1557,  by  Wolfgang  Lazius,  contains  no  pic- 
ture. In  1563  Heinrich  Pantaleon  translated  the  work  into  German 
under  the  title  "Moskowiter  Wonderbare  Historien,"  in  which  is  a 
woodcut  that  Wilckens  (1885)  says  is  not  a  representation  of  the  urus 
but  rather  that  of  a  castrated  domestic  ox.  The  horns  appear  to  be 
lyraform,  while  those  of  fossil  Boa  primigenius  are  not.  Wilckens 
also  thought  that  Herberstain  had  never  seen  an  urus  himself  and 
went  to  Moscow  but  once.  Nehring  (1896  and  1897),  who  has  care- 
fully studied  the  various  editions  of  Herberstain's  work,  says  that 
Herberstain  went  several  times  to  Moscow  and  had  many  opportuni- 
ties to  see  both  the  urus  and  the  bison.  Pantaleon,  his  translator, 
says  that  Herberstain  had  a  great  regard  for  truth. 

The  edition  of  1551  contains  the  plates  of  bison  and  urus  for  the 
first  time,  and  it  expressly  states  that  the  plates  were  added  by  the 
author  himself,  who  lived  for  10  years  after  its  publication.  The 
pictures  were  not  in  the  first  edition  because  Herberstain  did  not 
possess  them  until  about  1550.  He  allowed  Gesner  to  publish  them 
m  an  appendix  to  his  "Historia  Animalium"  in  1553. 

No  one  knows  who  made  the  picture,  but  it  was  probably  done  by 
an  artist  in  Poland  who  had  seen  a  urus.  As  to  the  shape  of  the 
horns  shown  in  the  picture,  it  may  be  said  that  artists  were  rare  in 
those  days,  and  it  is  not  an  easy  task  for  the  uninitiated  to  draw  the 
correct  form  of  horns  on  paper.  Besides,  the  fossil  horn  cores 
would  not  show  whether  or  not  the  horns  were  lyraform. 

A  poem  by  Caspar  Betius,  entitled  "  De  Uro  et  Bisonte,"  published 
in  1558,  indicates  that  Herberstain  possessed  skins,  horns,  and  hoofs 
of  the  urus  and  the  bison  in  1552  (Nehring,  1897). 

Wrzesniowski  (1878)  has  pretty  good  evidence  that  these  wild 
cattle  lived  in  the  woods  of  Jaktorowka  until  the  seventeenth  cen- 
tury. The  last  specimen  died  in  1627  in  the  Zoological  Garden  of 
Count  Samoisky. 

Other  fossil  species  of  Bos  closely  related  to  B.  primigeniua  are  B. 
trochoceros^  B.  jrontosus^  B.  hrachyceros^  B.  long  if r  one  ^  B.  hrachy- 
cephalvs^  and  B.  typicus.  In  fact  they  are  so  nearly  related  that 
some  and  perhaps  all  of  them  may  be  considered  as  varieties  of  B. 
primigenius. 

Bos   TROCHOCEROS. 

Bos  troehoceros  received  its  name  from  Riitimeyer,  who  found 
many  skulls  of  females  in  the  pile- works  of  the  Neolithic  and  Bronze 
ages.  Because  most  of  the  specimens  appear  to  be  females  we  may 
consider  that  trochoceros  is  a  form  of  primigenius  domesticated  in 
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prehistoric  times.  The  differences  between  primigenius  and  trocho- 
ceros  are  essentially  the  same  as  those  which  appear  at  the  present 
time  between  the  wnld  cattle  of  Chillingham  Park  and  those  of  Lyme 
Park  in  England.  In  the  latter  case  the  change  is  regressive  rather 
than  progi-essive,  as  these  cattle  are  presumably  reverting  to  a  wnld 
condition  from  that  of  semidomestication. 

Bos  FBONTOSUS. 

Bos  frontosus  Nilsson  is  a  fossil  species  found  in  Sweden.    (See  fig. 
14.)    The  contour  of  the  skull  is  irregular,  the  forehead  is  broad,  and 


Fk;.   14. —  Skull   of  litjH  frontofiufi.      (From   Uiitlnieyer.) 

the  horns  arc  situated  on  a  short  pedestal.  The  head  is  large  in  com- 
parison with  the  rest  of  the  body.  Nilsson  thought  it  a  distinct 
species  having  its  original  home  in  Germany,  and  the  parent  of  the 
mountain  cattle  of  Norway.  Riitimeyer  (1867)  says  the  Scandi- 
navian remains  are  those  of  domesticated  cattle.  The  broadening 
of  the  skull  is  similar  to  that  of  the  Naita  cattle  (Darwin)  of  South 
America,  the  Yorkshire  sw^ine,  and  the  bulldog.  H.  von  Nathusius 
says  these  changes  are  due  to  a  reduction  of  muscular  activity  which 
accompanies  a  change  in  the  method  of  obtaining  food.  Riitimeyer 
says  this  does  not  explain  the  shortening  and  widening  of  the  nasal 
bones.     These  changes,  however,  may  be  accounted  for  by  the  laws 
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of  correlation.  The  differences  between  a  skull  of  frontosus  and  one 
of  primigenius  are  similar  to  those  between  a  calf's  skull  at  birth 
and  the  skull  of  the  same  animal  at  maturity.  Why,  then,  may  not 
the  change  to  the  frontosus  type  have  been  brought  about  by  an 
earlier  maturity  which  would  naturally  follow  under  the  care  of 
man? 

Frantzius  (1878)  thought  that  frontosus  originated  in  Africa, 
while  Arenander  says  it  was  a  sport  from  longifrons  and  is  the  an- 
cestor of  primigenius.  It  is  more  likely  that  frontosus  is  the  product 
of  culture  during  the 
polished-stone  period, 
with  primigenius  as 
the  ancestor  and  not 
the  descendant.  Eiiti- 
meyer,  Studer,  David, 
and  others  maintain 
that  the  bones  found 
in  the  Stone  age  at 
Moosedorf  and  the 
Bronze  age  at  Con- 
cise, Chevroux,  and 
La  Tene  are  those  of 
frontosus^  while  Kel- 
ler (1902)  and  others 
deny  that  frontosus 
lived  in  Switzerland 
in  prehistoric  times. 

The  Simmenthal  and 
other  spotted  breeds 
(Fleckvieh)  now  in 
Switzerland  and 
southern  Germany  are 
of  the  frontosus  type, 
but  Werner  says  these  breeds  were  carried  there  by  the  Burgundians 
who  settled  in  west  Switzerland  about  443  A.  D.,  and  who  brought 
cattle  from  their  original  home  in  south  Sweden.  Kramer  (1899) 
is  of  the  'same  opinion,  because  neither  trochoceros  nor  frontosus 
were  in  Vindonnissa  nor  Aqua^  Sextise  during  Celtic  or  Roman  timers. 
Although  we  find  a  variety  of  opinions  as  to  the  origin  of  frontosus^ 
the  reasoning  of  Riitimeyer,  that  it  was  a  domesticated  form  of 
primigenius^  seems  the  most  probable. 

Bos  LONGIFRONS. 

Bos  longifrons ^  incorrectly  called  hrachyceros  by  some  German 
zoologists,  is  another  species  or  subspecies  closely  related  to  primi- 
genius.   (See  fig.  15.)    Bos  longifrons  is  the  Celtic  Shorthorn  found 


Fig.  ir>.— Skull  of  Hoh  lonoifrons.     (From  Rdtlmeyer.) 
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in  England  and  described  by  Owen.  It  is  probably  identical  with 
the  species  known  as  the  marsh  cow,  whose  remains  have  been  found 
in  the  Swiss  lake  dwellings,  and  described  by  Rutimeyer  as  Boa 
hrachycevos.  This  latter  name  must  be  abandoned;  Gray  in  1837  had 
also  applied  it  to  a  species  of  west  African  buffalo.  Compared  with 
primigenius^  longifrons  is  much  smaller  and  has  a  shorter  face  but 
a  longer  and  broader  forehead.  The  horns  are  shorter,  and  there 
is  a  ridge  in  the  center  of  the  poll.  It  is  found  with  early  remains 
of  man's  culture  in  the  marshes  of  Mecklenburg  and  Harz,  in  the 
lake  dwellings  of  the  Stone  period  at  Moosedorf,Wangen,Biel,  and 
Wauwyl.  It  has  also  been  dug  from  trenches  near  Bologna,  Italy, 
and  was  the  most  important  domesticated  animal  of  the  Stone  age 
from  the  North  Sea  to  Italy.  But  nowhere  has  it  been  found  wild 
with  certainty.  It  is  represented  to-day  by  breeds  in  the  Alps,  in 
northern  Africa,  and  in  Great  Britain. 

Owen  believed  Bos  longifrons  to  have  existed  in  Pleistocene  times, 
but  recent  discoveries  point  to  a  later  origin  (Dawkins,  1866).  It 
lived  in  England  during  the  Roman  occupation  and  is  the  ancestor 
of  the  Welsh  and  Highland  breeds,  as  the  Celts  retreated  to  the 
mountains  with  their  cattle  on  the  Saxon  invasion.  In  France  it  is 
found  in  the  Mousterian  period  (Mortillet),  and  was  the  only  bovine 
species  about  Lyons  during  the  Gallo-Roman  epoch  (Cornevin,1885). 

As  to  the  origin  of  Bos  longifrons^  Rutimeyer,  Wilckens,  Keller, 
and  Hughes  believe  it  to  be  a  species  distinct  from  primigenius. 
The  earliest  traces  in  Europe  and  the  most  typical  forms  of  longi- 
fro)is  are  foimd  on  the  northern  shores  of  the  Mediterranean  Sea, 
the  Alpine  region,  and  the  Atlantic  coast  of  western  Europe.  Breeds 
of  cattle  in  Africa  and  Switzerland,  as  well  as  the  zebu  of  Asia  and 
Africa,  p(3ssess  strong  characteristics  of  this  species.  Hence  it  is 
argued  that  longifrons  must  have  come  originally  from  some  Asiatic 
jspecies,  probably  Bos  sondairus. 

Dawkins,  Xehring,  Werner,  and  others  deny  any  other  than  a 
European  origin  of  longifrons.  They  say  that  the  form  of  pinmi- 
genius  was  very  variable  and  that  a  changing  environment  and  the 
dwarfing  by  domestication  resulted  in  the  form  now  known  as 
longifrons.     Dawkins  (1866)  says: 

A  walk  Into  a  cattle  market  will  convince  the  most  skeptical  of  observers  that 
the  common  ox  presents  also  every  variation  jjossible  in  the  shape  and  direction 
of  the  horns.  In  fine,  a  very  careful  comparison  of  the  skulls  of  B.  urus  in 
Britain  with  those  of  various  varieties  of  B.  laurus,  or  the  common  ox,  compels 
me  to  believe  that  there  is  no  difference  of  specific  value  between  them,  those 
points  of  difference  noticed  by  Profs.  Riitimeyer  and  Nilsson  proving  to  be 
[)eculiar  to  the  individual  and  not  to  the  species,  and  therefore  useless  for  clas- 
sifieatory  puri)oses. 

Urus  could  be  distinguished  from  any  contemporary  taunis  by  his 
size,  and  from  the  smaller  bison  by  the  double  curvature  of  his  horns, 
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etc.  Nehring  (1896,  p.  923)  cites  proof  of  dwarfing  in  case  of  the 
yak  and  the  banting  when  kept  in  the  zoological  garden.  The  ef- 
fect of  an  unfavorable  environment  is  shown  by  the  condition  of  the 
Permian  cattle  at  the  present  time. 

When  cattle  of  two  different  breeds  are  placed  in  a  similar  environ- 
ment, similar  changes  take  place,  but  nevertheless  there  is  always 
some  distinction  left.  The  conformations  are  never  quite  alike. 
The  Jerseys,  Norman,  Angler,  and  East  Friesian  cattle  live  in  a 
similar  environment,  yet  they  are  different;  it  may  be  because  they 
are  of  different  origin.  The  Jersey  cow  has  good  care  and  abun- 
dance of  nourishing  food,  yet  she  remains  small. 

Food,  domestication,  and  a  change  of  climate  effect  great  changes, 
however,  and  Nehring  can  see  no  greater  changes  between  primi- 
genius  and  longifrons  than  between  the  wild  and  the  domesticated 
yak.  The  dwarfing  of  cattle  from  a  lack  of  suitable  food  is  well 
illustrated  in  northern  Russia  ( Midden dorf)  and  in  the  Shetland 
Islands.  When  Brown  Swiss  cattle  are  taken  to  the  steppes  of  Hun- 
gary their  horns  grow  larger,  like  those  of  the  natives  of  that  region. 
In  the  dry  year  of  1893  young  Oldenburg  bulls  imported  to  Saxony 
grew  horns  similar  to  those  of  dry  climates  and  poor  food.  Pusch 
mentioned  a  case  which  came  under  his  observation  the  same  year. 
A  bull  weighed  500  pounds,  and  showed  no  signs  of  growing  larger. 
He  came  from  a  cow  imported  from  Pomerania  and  was  of  medium 
size,  with  some  Shorthorn  blood.  An  analysis  of  the  hay  showed 
0.27  per  cent  of  phosphorus  and  0.86  per  cent  of  lime,  when  normally 
there  should  have  been  0.43  per  cent  of  phosphorus  and  0.95  per  cent 
of  lime. 

Nehring  also  calls  attention  to  the  fact  that  the  first  animals  to 
be  domesticated  would  be  young.  This  in  itself  would  tend  to  bring 
about  greater  changes  than  if  mature  animals  only  were  tamed  and 
provided  with  food.  Even  if  prindgcnius  was  a  large  and  unruly 
creature  the  young  might  be  as  easily  tamed  as  if  the  mature  animal 
was  smaller.  It  is  not  size,  but  the  disposition  to  accept  the  life 
offered  to  it,  that  determines  whether  or  not  an  animal  is  capable  of 
being  tamed.  Yet  Nehring  (1888)  admits  that  relatives  of  primi- 
genitis  may  have  been  independently  domesticated  in  Asia  and  Africa, 
although  he  does  not  go  so  far  as  Riitimeyer  in  thinking  longifrons 
one  of  these  independent  species,  for  the  following  reasons: 

(a)  Color:  Longifrons  is  solid  in  color,  black-brown  to  gray,  with 
a  light  back  stripe,  and  prindgenius  was  solid  black  with  a  light  back 
stripe  much  like  the  Brown  3wiss  cattle. 

(&)  Size:  Longifrons  is  smaller,  but  it  is  because  of  unfavorable 
environment,  as  a  raw  climate,  poor  food,  in-and-in  breeding,  and 
neglect.  Dwarfs  and  small  forms  of  domestic  cattle  do  arise  in  this 
way. 
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(c)  Horns  and  poll  ridge:  There  is  a  correlation  between  the  two. 
If  the  horns  are  large  the  poll  ridge  or  crest  is  flat  or  even  hollow. 
When  the  horns  are  small,  the  crest  is  more  or  less  elevated.  This 
is  true  of  the  zebu  and  the  yak  as  well  as  of  cattle.  Shorthorned 
breeds  have  a  crest  of  medium  size  when  contrasted  with  longhorned 
and  polled  breeds.  The  size  of  the  horns  depends  upon  food,  care, 
and  many  other  factors. 

(d)  Skull:  A  hollow  forehead  between  the  eyes  and  a  shortened 
nose  on  lojigifrons  agrees  with  modifications  which  may  be  brought 
about  by  environmental  changes.  This  is  illustrated  in  the  Fran- 
queiros  and  Niata  cattle  of  South  America. 

Wilckens  (1880)  says  that  the  lake  dwellers  would  not  have  tamed 
primigenius  when  they  already  possessed  the  marsh  cow;  further- 
more, that  primigenius  could  not  have  been  changed  into  so  small 
an  animal  as  the  marsh  cow.  The  marsh  cow,  not  being  found  wild, 
must  have  been  brought  there  after  domestication  in  Asia.  The  only 
alternative  is  to  derive  the  marsh  cow  from  Bibos.  The  zebu  is 
the  nearest  to  Bibos  of  any  of  the  taurus  group  and  is  not  found 
wild  except  when  it  has  escaped  from  domestication. 

Wilckens  divides  cattle  into  dolicocephalic  and  brachycephalic,  and 
thinks  that  the  long-headed  European  cattle  which  form  the  greater 
number  came  from  Africa,  but  as  they  are  not  wild  there,  had 
wandered  thereto  from  Asia.  The  short-headed  cattle  are  natives  of 
Europe  and  descendants  of  Bos  etmiscus^  which,  according  to  Riiti- 
meyer,  is  the  common  ancestor  of  Bibovina. 

The  recent  studies  of  Ewart  (1911)  indicate  that  longifrons  is 
more  intimately  related  to  the  zebu  than  the  wild  urus. 

In  the  first  edition  of  "  Rinderzucht,"  published  in  1890,  Werner 
(p.  32)  says  that  blood  from  the  Bibovine  group  can  affect  only  a 
few  breeds  in  southeastern  Europe,  a  statement  which  he  has  omitted 
from  an  edition  published  in  1902. 

Adametz  (1898)  was  formerly  of  the  opinion  that  Bos  longifrons 
had  its  origin  outside  of  Europe,  until  he  saw  the  fragment  of  a 
skull  in  the  museum  at  Krakow,  which,  he  thinks,  throws  some  light 
on  the  subject.  The  bone  in  question  was  found  in  West  Galicia,  at 
a  depth  of  12  feet,  in  diluvial  strata,  as  was  pnmigenius.  It  evi- 
dently belonged  to  a  mature  individual  of  the  female  sex,  and,  ac- 
cording to  the  rules  of  Riitimeyer  (1862),  was  of  wild  stock.  Ada- 
metz thinks  it  more  like  modern  European  longifrons  races  than 
primigenius.  An  important  point  is  that  the  relative  distance  from 
the  base  of  one  horn  to  the  other  is  larger  in  modern  longifrons  races, 
also  in  the  ancient  marsh  cow  and  in  his  specimen,  than  in  primi- 
genius, Adametz  concludes  that  here  he  ha^:  a  variety  of  primigenius 
which  probably  arose  as  a  spontaneous  variation  before  doihestica- 
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tion  and  is  the  ancestor  of  the  marsh  cow  of  northern  and  eastern 
Europe  and  of  the  Polish  breeds  of  to-day,  while  Bos  longifrons  of 
the  -Swiss  lake  dwellers  came  from  another  variation  of  pnmigenius. 
He  thus  finds  a  European  ancestor  for  one  variety  of  marsh  cow  and 
designates  it  Bos  hrachyceros  europceus.  Future  discoveries  may 
prove  Adametz  to  be  right  in  his  conjectures,  but  the  finding  of  a 
fragment  of  one  skull  is  not  sufficient  evidence  to  settle  beyond  all 
reasonable  doubt  the  question  at  issue. 

Bos  TAUKUs  PRiMiGENius  Variety  minor. 

Wollemann  (1891)  found  a  skull  of  a  domesticated  Bos^  which 
was  about  the  size  of  longifrons^  but  in  form  resembled  piimigenius^ 
and  so  gave  it  the  name  as  given  above.  There  have  also  been  many 
fragments  of  bone  found  in  company  with  the  marsh  cow  among  the 
remains  of  the  lake  dwellers  which  Studer  thinks  should  be  placed 
under  primigenhis. 

Bos   TAURUS   BRACHYCEPHALUS    WilckeUS, 

From  a  study  of  Alpine  breeds  in  East  Tyrol,  Wilckens  finds  a 
variety  of  domesticated  cattle  of  which  the  Duxerthaler  breed  is  a 
pure  type.  This  type  also  occurs  in  the  Canton  of  Wallis.  ThOj 
liead  is  short,  the  forehead  broader  than  long,  and  the  horn  is  on  a, 
short  pedestal.  Afterwards  he  found  parts  of  skeletons  in  the  pile-' 
works  of  the  Laiback  moors,  which  date  back  to  the  Old  Stone  period. 
To  this  type  he  has  given  the  name  of  hrachycephalus^  or  short- 
headed  race.  , 

The  bones  are  quite  different  from  those  of  the  ur,  and,  furthermore, 
the  remains  of  ur  seldom  occur  at  Laiback.  The  remains  of  bison 
and  of  these  short-headed  cattle  occur  frequently  together.  The 
skulls  of  bison  resemble  somewhat  these  short-headed  cattle,  and  the 
skulls  of  calves  of  the  modern  short-headed  breeds  bear  a  still  closer 
resemblance.  This  is  in  accord  with  the  view  that  the  individual 
recapitulates  the  history  of  the  race,  and  that  ancestral  traits  may 
often  be  seen  in  the  embryo  even  when  absent  in  the  adult.  Bison 
were  very  abundant  in  early  times  in  that  region,  as  shown  by  the 
numerous  remains  as  well  as  by  the  geographical  names,  such  as 
"  Wiesenthal,"  "  Wiesendorf ,"  and  "  Piesendorf ,"  which  are  deriv  ed 
from  the  word  "Wisenf  (German  for  "bison'').  Therefore, 
Wilckens  thinks  that  the  short-headed  cattle  of  the  Alps  are  of  Euro- 
pean origin  and  were  brought  there  by  the  Celts  and  crossed  with 
bison,  giving  rise  to  this  variety,  Bos  brachycephalus. 

For  these  extreme  views  Wilckens  has  been  attacked  from  all  sides. 
Riitimeyer  thought  that  hrachycephahis  was  not  a  distinct  type  of 
equal  value  with  primigenius  and  longifrons^  and  that  the  short- 
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headedness  is  only  the  beginning  of  the  pug  form  already  mentioned 
imder  frontosus.  TVilckens  admits  this  influence  of  culture,  but  it 
so  happens  that  many  breeds  of  this  type  occur  in  regions  wtere 
there  has  been  less  improvement  in  breeding  than  where  other  types 
are  found. 

Keller  (1902)  and  Kramer  (1899)  say  that  hrdchycephalus  appears 
first  in  Italy  and  is  a  product  of  culture  from  other  forms.  From 
Italy  it  was  carried  to  Switzerland  during  the  Roman  occupa- 
tion. Kaltenegger  shows  the  affinities  of  the  Wallisian  breeds  to 
those  of  the  Iberian  peninsula  and  to  the  old  Egyptian  representa- 
tions, and  suggests  that  the  origin  of  the  Alpine  short-headed  cattle 

is  from  one  of  these 
sources. 

The  measurements 
of  Werner  indicate  a 
close  relationship  be- 
tween the  Iberian 
and  the  humped  cat- 
tle of  Africa.  The 
Alpine  short  heads 
differ  from  the 
humped  cattle  only 
in  the  relative  height 
at  the  withers  and 
length  of  horn.  Both 
this  excessive  length 
of  horn  and  height 
at  the  withers  are 
easily  bred  off  when 
crossed  with  other 
cattle.  Bos  primi- 
genius  has  been  found  fossil  in  Algeria,  and  it  is  a  reasonable  suppo- 
sition that  the  humped  cattle  were  crossed  with  primigenius  and  that 
the  progeny  passed  over  to  Spain  and  thence  to  Switzerland. 

If,  however,  the  fossils  found  by  Wilckens  are  as  old  as  he  believed 
and  are  not  fragments  of  frontosus  (Riitimeyer,  1878)  his  idea  of  a 
distinct  short-headed  race  of  ancient  lineage  is  not  so  easily  disposed 
of.  In  the  meantime  we  may  patiently  wait  for  future  discoveries 
to  fill  in  the  vacancy  between  the  paleolithic  and  modem  short- 
headed  kine. 

Bos    iEaYPTIACUS    AND    BoS    MACR0CER08. 

The  first  of  these  names  has  been  proposed  by  Lydekker  to  desig- 
nate the  ancient  Egyptian  cattle  as  typified  by  Lortet  in  the  archives 
of  the  Lyons  museum  for  1903,  and  is  a  synonym  of  Bos  africanuH 


PiQ.  16. — Skull  of  Bob  hrachjjcephalus.     (From  Wilckens.) 
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of  Fitzinger  and  Brehm,  the  question  being  left  open  whether  these 
cattle  should  be  regarded  as  a  distinct  species  or  merely  as  a  local 
race  of  the  domesticated  primigenius,  A  modem  representative  of 
this  type  is  the  ankoli,  the  longhomed  humpless  breed  of  Uganda. 
Their  enormous  horns  are  slender,  smooth,  upright,  and  are  placed 
at  a  much  greater  distance  above  the  eyes  than  is  the  case  of  the 
Galla  cattle  which  are  a  type  of  humped  cattle.  Bos  rruicroceros 
is  the  term  proposed  by  Diirst  to  designate  the  type  represented  by 
longhomed  cattle  of  Egypt. 

Bos   INDICUS. 

Bos  indieuSj  or  the  zebu,  includes  the  humped  cattle  of  Asia  and 
Africa.  Col.  Yule  (1875)  says  the  term  zebu  is  a  fantastic  name 
which  Buffon  heard  in  a  wandering  menagerie.  The  name  is  not 
known  in  India  and  has  probably  been  derived  from  the  Polish 
zubr  or  suber.  Perhaps  the  most  notable  characteristic  of  this  species 
is  the  hump  at  the  withers,  although  the  large  drooping  ears,  the 
?hape  of  the  skull  and  horns,  the  white  shanks  and  the  grunting  cry 
readily  distinguish  it  from  other  species.  Its  habits,  such  as  seldom 
seeking  the  shade,  and  never  standing  knee-deep  in  water,  are  also 
characteristic,  though  varying  as  those  of  any  species  must  with  so 
wide  a  geographical  distribution.  Some  races  have  two  humps;  the 
ribs  may  be  13  or  14  in  number,  and  the  horns  vary  greatly  in  size 
and  curvature. 

No  wild  form  has  yet  been  found,  although  some  instances  are 
known  where  they  luive  become  semiwild  and  were  able  to  maintain 
themselves  even  in  a  region  infested  with  tigers.  Crosses  with  other 
breeds  of  cattle  indicate  a  highly  bred  animal  which  has  varied  much 
from  its  original  form  as  it  came  under  the  dominion  of  man,  which 
took  place  previous  to  2000  B.  C,  if  we  may  judge  by  carvings  and 
inscriptions  in  Egyptian  monuments  that  date  back  as  far  as  the 
twelfth  dynasty. 

Hahn  is  inclined  to  think  that  African  and  Indian  zebus  had  a 
different  origin.  No  fossil  remains  have  been  found  in  central  and 
southern  Africa,  so  Adametz  (1894)  says  they  are  of  Asiatic  origin, 
with  the  banting  as  their  ancestor. 

It  is  quite  possible  that  zebu  blood  has  also  entered  into  the  longi- 
frons  type  previously  discussed. 

Bos  TBICEROS. 

This  is  a  three-homed  humped  ox  found  in  Senegal  and  described 
by  Huet  (1891).  The  third  horn  is  on  the  nose,  like  that  of  a 
rhinoceros.  In  all  probability  this  variety  is  a  sport  from  the  zebu. 
-11 14 
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Bos  CHINENSIS. 

Swinhoe  (1870)  describes  the  small  yellow  cow  of  south  China 
as  combining  the  character  of  tawms  and  indicus,  Blyth  says  it  is  a 
cross  between  the  two. 

POLLED  CATTLE. 

Calves  without  horns  occasionally  appear  as  spontaneous  varia- 
tions in  nearly  all  districts  where  cattle  are  kept.  The  cause  of  this 
variation  has  not  yet  been  satisfactorily  explained.  Herodotus  (500 
B.  C.)  speaks  of  the  hornless  condition  of  Scythian  cattle,  in  what 
is  now  European  Russia,  as  due  to  extreme  cold  which  dwarfs  the 
growth  of  horn.  Warm,  dry  climates  favor  the  growth  of  horns  and 
hoofs.  As  previously  noted,  Brown  Swiss  cattle  taken  to  the  steppes 
of  Hungary  take  on  more  and  more  the  form  of  the  horns  of  Hun- 
garian cattle  even  without  crossing  (Wilckens,  187G).  But  if  cold 
is  unfavorable  to  the  growth  of  horn,  how  can  we  account  for  the 
horns  of  the  musk  ox  {Ovibos),  a  near  relative  and  an  inhabitant 
of  an  extremely  cold  region  ?  In  proportion  to  its  size  the  musk  ox 
has  larger  horns  than  most  forms  of  Bos  taiirus. 

Whether  the  polled  condition  is  the  result  of  progression  or  re- 
gression has  given  rise  to  much  discussion.  Diirst  says  the  hornless 
cattle  are  the  result  of  domestication.  An  intermediate  stage  is  the 
"flaphorn"  or  movable  horn.  They  are  represented  in  Egyptian 
works  of  art.  Aristotle  knew  of  cattle  with  movable  horns.  Keller 
has  seen  them  in  many  places  in  Africa  within  recent  years. 

Flap-horned  cattle  and  sometimes  hornless  cattle  have  rough  pro- 
tuberances where  the  horns  otherwise  would  be,  and  occasionally 
small  horns  may  develop  as  the  animal  grows  older.  After  many 
generations  these  bunches  or  scurrs  disappear.  So  far  experiment  has 
not  shown  that  the  hornless  condition  can  be  hastened  by  dehorning. 
Diirst  calls  attention  to  the  long  horns  on  the  old  Egyption  repre- 
sentations of  the  crooked-nosed  goat.  The  modern  representatives  of 
this  type  are  either  polled  or  shorthomed.  In  the  time  of  the 
Pharaohs,  sheep  were  always  horned.  All  of  these  instances  he  cites 
as  a  result  of  domestication. 

Arenander  (1898)  thinks  the  first  cattle  w^ere  without  horns.  A 
study  of  the  geographical  distribution  of  polled  cattle  in  Europe 
shows  them  to  be  more  numerous  in  northern  latitudes,  which  can 
not  be  explained  by  artificial  selection  by  man,  for  it  is  unlikely  that 
among  people  of  so  many  different  tendencies  the  northern  people 
should  have  always  chosen  the  polled  breeds  in  preference  to  the 
horned  and  the  southern  people  the  reverse.  We  find  also  among 
many  of  the  northern  people  who  have  polled  breeds,  that  the  art 
of  breeding  is  but  little  developed.  As  we  go  toward  the  north  the 
proportion  of  cattle  with  white  hair  increases,  which  evidently  is 
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the  result  of  natural  selection  as  in  the  case  of  wild  animals  in  a 
region  of  snow  and  ice.  Polled  cattle  are  also  found  in  the  lake 
dwellings  and  hence  have  been  among  the  early  forms  domesticated. 
Again,  polled  cattle  are  notoriously  prepotent  in  transmitting  this 
characteristic  when  crossed  with  horned  cattle.  In  the  struggle  for 
existence  polled  individuals  would  be  less  likely  to  survive  than  those 
with  horns,  but  under  domestication  would  be  protected.  Thus, 
Arenander  supposes  that  horned  individuals  occurred  by  spontaneous 
variation  and  were  preserved  by  natural  selection  and  that  polled 
individuals  which  occur  are  reversions. 

Arenander  (1898)  is  criticized  by  Keller  (1899),  who  says  that  tha 
remains  of  hornless  cattle  found  in  the  lake  dwellings  are  in  the 
later  ones,  while  according  to  Arenander  it  should  be  the  reverse. 

Hehn  and  Middendorf  (1888)  think  the  polled  breeds  of  the  north 
came  about  because  the  Scythians  wandered  farther  and  farther  to 
the  north  and  took  their  polled  cattle  with  them.  This  is  stoutly  de- 
nied by  Werner  (1902)  who  thinks  the  migration  of  people  as  well 
as  of  cattle  was  to  the  south  instead  of  toward  the  north. 

In  the  Upper  Eocene  and  Lower  Miocene  the  generalized  form  of 
deer  and  antelopes  was  polled  and  their  associates  were  tuskless 
swine  and  rhinoceroses  (Auld,  1887).  In  the  Upper  Miocene  the 
antlers  of  deer  were  small.  Darwin  quotes  a  graduated  series  of 
antelopes  from  the  polled  condition.  The  pronghom  as  we  have  seen 
is  an  intermediate  between  the  deciduous  solid-homed  and  the  non- 
deciduous  hollow-homed  forms  (Gadow).  Hence  it  may  be  that  the 
horned  condition  was  not  reached  until  the  primitive  form  of  deer, 
antelope,  and  cattle  had  differentiated  into  forms  closely  conforming 
to  the  present  types.  That  the  cows  of  the  oldest  member  of  the 
cattle  kind,  Boa  elatus^  were  without  horns  lends  support  to  this 
view.  According  to  Forsyth-Major,  the  hornless  skulls  from  the 
Tertiary  deposits  of  the  Val  d'Amo  in  Italy  are  females  of  the  sub- 
genus Leptohos  {Bos  elatus  Pomel).  Until  earlier  representatives 
of  the  genus  are  found  we  must  consider  the  oldest  European  forms 
of  cattle  as  having  polled  females,  an  indication  that  in  still  older 
species  both  sexes  were  without  horns. 

Ewart  (1909),  after  reviewing  the  various  theories  of  the  occa- 
sional appearance  of  hornless  cattle,  expresses  the  view  that  domes- 
tication and  the  unfavorable  conditions  which  are  thought  to  have 
reduced  Bos  taurus  in  size  may  also  have  led  to  the  hornless  condi- 
tion. Recent  explorations  in  Turkestan  and  records  from  Babylonia 
lend  support  to  this  view,  i.  e.,  that  the  appearance  of  the  polled 
character  is  a  reversion  to  the  ancestral  hornless  type. 

In  a  recent  paper  (Scientific  Proceedings,  Royal  Dublin  Society, 
vol.  12,  No.  15,  June,  1909),  Prof.  James  Wilson,  of  the  Royal  Col- 
lege of  Science,  Dublin,  attempts  to  show  that  the  hornless  breeds  of 
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Great  Britain  had  a  common  origin,  which  can  be  traced  back  to 
Scandinavia.  This  is  contrary  to  the  prevailing  view  that  the  Brit- 
ish hornless  breeds  have  originated  independently. 

ORIGIN  OF  THE  MODERN  BREEDS  OF  CATTLE. 

Regarding  the  origin  of  Bos  taurus  dooTiesticus  (typicus)  and  the 
modern  European  breeds  of  cattle  it  may  be  asked,  Did  our  modern 
breeds  come  from  more  than  one  species?  If  from  more  than  one, 
can  the  various  breeds  be  classified  according  to  their  ancestry? 
"WTiat  was  the  original  home  of  the  wild  ancestor  or  ancestors  ?  At- 
tempts to  answer  these  questions  have  been  made  in  various  ways, 
and  though  we  are  still  in  doubt  and  are  likely  to  remain  so  for  some 
time,  we  shall  review  the  opinions  of  those  who  have  endeavored  to 
feel  their  way  through  this  mist  of  bewildering  evidence. 

At  one  time  Cuvier  thought  our  domesticated  breeds  came  from 
Asia,  but  later  discoveries  led  him  to  change  his  opinion  and  ascribe 
to  them  a  European  origin,  with  Bos  priniigenius  as  the  ancestor.- 
Riitimeyer  thought  that  they  were  all  derived  from  the  European 
primigenius  except  those  of  longifrons  type,  whose  ancestor  must 
have  been  of  African  origin.  Darwin  derived  them  from  several 
species,  as  he  conceived  longifrons  and  frontosu^  to  be  species  dis- 
tinct from  prltnigenius,  Ilahn  (1896)  says  they  are  descended  from 
primigenlus^  with  the  possibility  of  some  bison  blood,  as  the  geo- 
graphical distribution  of  the  two  species  is  about  the  same. 

Notwithstanding  all  the  evidence  which  has  been  produced  since 
Cuvier\s  time,  Middendorf,  Nehring,  and  Werner  still  hold  to  his 
view  that  the  European  primigenius  was  the  sole  ancestor,  because 
prim'u/enh(H  remains  have  been  found  chiefly  in  Europe,  and  Europe, 
in  their  opinion,  is  the  home  of  the  domesticated  Bos  tauriis, 

Frantzius  (18TS),  Pagenstecker  (1878),  and  Keller  follow  Riiti- 
meyer in  thinking  Africa  the  home  of  at  least  some  of  the  ancestors 
of  European  cattle,  w^hile  Ilartmann  is  of  just  the  opposite  opinion 
when  he  looks  to  the  marsh  cow  for  the  ancestry  of  the  cattle  in  the 
Barbary  states.  In  this  he  is  probably  wrong,  for  they  show  too 
close  a  relationship  to  the  rest  of  the  cattle  of  Africa. 

Keller  (18J)7,  1899)  has  made  a  special  study  of  African  cattle, 
and  believes  in  a  diphyletic  origin  of  European  breeds,  the  lowland 
breeds  coming  from  i)rimigenius  and  the  longifrons  breeds  from  the 
African  zebu.  Unlike  primigenms  no  fossil  remains  of  wild  longi- 
frons have  been  found,  hence  we  should  study  the  migrations  of  man 
to  seek  its  original  home. 

In  the  plains  of  Algeria,  Tunis,  and  Morocco  the  cattle  are  small, 
of  the  short-headed  type,  resembling  zebus  in  structure  and  habits, 
with  the  exception  of  the  hump.  This  is  known  to  zootechnicians  as 
the  Algerian  race.    In  the  more  fruitful  valleys  some  of  the  cattle 
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are  larger  and  possibly  have  been  crossed  with  European  blood.  In 
Nubia  the  cattle  are  similar  to  the  Algerian  race.  Carvings  on  monu- 
ments show  that  cattle  of  ancient  Egypt  likewise  were  of  the  same 
stock.  The  problem  of  breeds  is  complicated  in  Africa  because 
buffaloes  and  cattle  of  other  sections  have  replaced  those  so  frequently 
lost  in  epizootics. 

The  cattle  of  Abyssinia,  known  as  the  "  galla,"  or  "  sanga,"  have 
humps  and  large  horns,  but  vary  much  as  they  have  a  very  wide  dis- 
tribution. The  Wahumi  or  Watussi  cattle  have  horns  measuring 
sometimes  118  centimeters  in  length  and  with  a  capacity  of  11  liters 
(Adametz,  1894).  They  are  also  modern  representatives  of  the  old 
Egyptian  longhorn  of  the  monuments.  Later  modifications  have 
given  the  Bechuana,  Transvaal,  and  Madagascar  races.  Thus  in 
Africa  from  south  to  north  there  is  a  constant  approach  to  longi- 
frons.  The  northern  branch  is  shorthomed  and  humpless,  but  of 
ancient  lineage,  and  according  to  Keller  came  from  Asia  in  pre- 
historic times.  Its  progenitor  was  a  domesticated  banting,  and  col- 
lateral relatives  are  the  little  marsh  cow  of  the  lake  dwellers  and 
the  Brown  Swiss  cattle  of  modem  times.  Adametz  (1898)  says 
an  African  origin  of  Bos  longifrons  is  impossible.  The  branches  of 
the  Aryan  race  which  have  moved  the  least  from  this  primitive  dwell- 
ing place  (lake  dwellings) — ^the  Lithuanians,  North  Slavs,  and  Al- 
banians— have  cattle  to-day  which  are  like  those  of  the  lake  dwellers. 
It  is  probable  that  these  people  have  the  oldest  domesticated  animals 
of  European  origin.  The  skulls  of  the  marsh  cow  and  those  of  cattle 
of  some  breeds  in  the  Balkan  peninsula  to-day  can  hardly  be  dis- 
tinguished from  one  another. 

Diirst,  from  a  study  of  figures  and  inscriptions  on  stones,  con- 
cludes that  Bos  longifrons  of  the  lake  dwellers  came  from  Asia  in 
very  early  times  and  was  domesticated  long  before  Babylonian  cul- 
ture, also  that  Egyptian  breeds  came  from  Asia  in  prehistoric  times. 
These  ancient  cattle  by  their  known  variability  through  thousands 
of  years  of  breeding  had  three  modifications :  Bos  macroceros^  which 
includes  the  longhorned  breeds  of  Africa,  Spain,  Portugal,  and 
Brazil;  Bos  hrachyceros  {longifrons)^  which  includes  all  other 
homed  breeds  of  Europe ;  and  Bos  akeratos^  the  polled  breeds,  which 
he  thinks  may  have  come  from  macroceros  and  hrachyceros, 

Kaltenegger  (1894),  concerning  the  variations  found  in  the  Tyrol, 
says  that  the  white  race,  which  predominates  in  the  region  of  Dr. 
Toldt's  brachycephalus  division  of  the  people  who  migrated  there, 
are  identical  with  the  white  cattle  of  Italy,  southeastern  Europe,  and 
western  Asia,  while  the  black  cattle  of  the  Tyrol  are  related  to  the 
cattle  of  southwestern  Europe  and  northern  Africa.  Hence  the 
white  cattle  of  the  Tyrol  are  of  Asiatic  origin  and  the  black  cattle 
of  the  same  region  came  originally  from  Africa. 
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Summing  up  the  most  important  of  these  heterogenous  opinions, 
we  find  that  Cuvier,  Werner,  Middendorf,  and  Nehring  believe  in  a 
monophyletic  origin  of  European  cattle,  that  Bos  primigenius  was 
the  only  ancestor  and  its  home  in  Europe.  Adametz  and  Diirst 
believe  in  a  diphyletic  origin,  the  ancestors  being  primigenius  and 
longifrons  and  the  homes  of  both  in  Asia ;  while  Riitimeyer,  Frant- 
zius,  Pagenstecker,  Wilckens,  Keller,  and  Ewart,  though  believing  in 
a  diphyletic  or  polyphyletic  origin,  think  that  at  least  the  home  of 
longifrons  was  in  Africa  or  Asia. 

n.  EARLY  HISTORY  OF  CATTLE  BREEDING,  AND  CLASSIFICATION  OF 

MODERN  BREEDS. 

THE  CATTLE  OF  THE  ANCIENT  CIVILIZATIONS  OF  ASIA. 

Recent  explorations  in  Turkestan  have  thrown  considerable  light 
on  the  oldest  civilization  of  which  we  have  any  record.  In  deposits 
of  the  oldest  layers  of  Anau  remains  have  been  found  of  a  wild 
species  of  ox,  which  is  undoubtedly  Bos  nmnadiem^  and  for  the 
present  at  least  can  be  considered  as  the  Asiatic  form  of  Bos  primi- 
genius. The  animal  was  wild,  (1)  because  it  was  much  larger  than 
all  the  later  domesticated  bovine  animals;  (2)  because  the  bones  are 
heavier  and  harder  than  those  of  domesticated  bovids;  (3)  because 
the  bones  of  other  species  in  the  same  layer  belong  undoubtedly  to 
wild  animals;  and  (4)  because  remains  of  this  large  animal  are 
absent  in  the  upper  layers  of  the  deposit.  In  the  later  deposits,  about 
8000  B.  C,  a  domesticated  longhorned  ox  appeared,  which  Diirst  re- 
gards as  a  domesticated  form  of  namadicus,  identical  with  Bos  tanrus 
macroceros  of  Egypt,  which,  was  spread  at  a  still  later  period  by 
tribal  migrations.  Remains  of  a  small-homed  domesticated  species 
occur  as  a  more  modern  type  and  possibly  may  be  a  stunted  form  of 
m^dcroceros^  unless  possibly  a  smaller  bovid  may  have  reached  Anau 
with  the  other  imported  domesticated  animals.  Somewhat  later  a 
similar  change  from  the  large  form  to  a  small  form  took  place  in 
Mesopotamia  and  also  in  Europe,  but  whether  it  was  a  dwarfing  of 
the  larger  species  or  the  introduction  of  a  new  species  is  still  an 
unanswerable  question. 

The  ancient  inhabitants  of  Persia,  Babylonia,  and  Assyria  also 
hunted  a  wild  bovid,  Bubalus  palceindicus  Falconer,  or  a  more  recent 
form  of  that  Pleistocene  species  Buhalus  amee  Kerr,  the  Indian 
buffalo,  which  is  depicted  on  the  cylinder  seals  of  Assyrian  kings. 
Large  nurabers  of  these  animals  were  killed  by  the  Assyrian  King 
Ashumasirpal  on  the  himting  grounds  near  the  Euphrates.  Aristotle 
also  mentions  the  occurrence  of  the  buffalo  with  horns  curved  back 
to  the  neck  in  the  Persian  Province  of  Kohkand. 
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Bos  pHmigenius  and  Bos  priscus  (the  Pleistocene  bison)  are  also 
found  fossil  together  in  western  Asia  as  well  as  in  Europe.  The 
"bison  was  wild  in  Mesopotamia  up  to  Assyrian  times.  Some  teeth 
of  primigenivs  have  been  found  in  the  bone  breccia  of  Lebanon, 
which  prove  it  to  be  coexistent  with  man,  and  Dr.  Schliemann  found 
the  remains  of  bones  of  primigemtis  at  Troy. 

It  has  been  suggested  that  the  unicorn  referred  to  in  the  Bible 
down  to  the  time  of  David  may  have  been  Bos  primigenius^  but 
another  alternative  is  that  the  unicorn  was  a  straight-horn  antelope, 
which  when  seen  in  profile  has  the  appearance  of  possessing  only 
one  horn. 

The  other  domesticated  animals  of  western  Asia  are  much  the 
same  as  those  of  Egypt.  The  zebu  was  domesticated  probably  as 
early  as  4000  B.  C,  and  spread  from  Asia  to  Africa,  so  that  from 
very  ancient  times  the  distribution  was  much  the  same  as  to-day. 
Aristotle,  Pliny,  and  Oppian  knew  of  the  zebu  in  Syria,  and  it  may 
have  gradually  changed  into  the  steppe  breed.  (Troltsch,  1902; 
Keller,  1902.) 

THE  CATTLE  OF  EGYPT. 

The  Egyptians  loved  their  animals,  but  cattle  were  the  most  prized 
of  all.  Instead  of  the  lion  or  the  eagle,  the  bull  was  the  symbol  of 
power  and  craftiness.  The  highest  goddess  was  worshiped  i»  the 
form  of  a  cow.  Laborers  gave  their  oxen  pet  namCs  and  conversed 
with  them  as  we  do  with  dogs.  Decked  with  bright  cloths  and  pretty 
fringes,  cattle  were  highly  esteemed  as  presents. 

Between  "  ena,"  the  common  breed,  and  "  neg,"  which  was  rare,  we 
can  see  but  little  difference.  Hartmann  thought  there  were  three 
breeds  and  made  his  division  according  to  the  shape  of  the  horns — 
the  lyre-form,  the  half-moon,  and  those  in  which  the  horns  pointed 
away  from  each  other.  Diirst  recognizes  only  the  longhomed  and 
the  shorthorned,  both  of  which  came  from  Asia  and  were  similar  to 
the  cattle  of  old  Babylonia.  Polled  cattle  and  flap-homed  cattle 
are  there,  but  they  are  never  represented  as  at  work,  so  we  may  sup- 
pose them  to  be  "  fancy  stock."  The  absence  of  horns  may  have  been 
due  to  spontaneous  variations  from  the  other  two  breeds,  but  methods 
of  preventing  the  growth  of  horns  were  known  to  these  ancient  cattle 
"  jockies  "  or  "  fanciers."  Sometimes  one  horn  of  the  bull  was  bent 
down  by  shaving  off  the  horn  on  the  side  on  which  the  concavity  was 
desired.  This  process  was  accelerated  by  the  application  of  hot 
irons. 

Diirst  says  that  the  humped  cattle  of  Egypt  are  a  variety  of  the 
shorthorned,  but  of  a  more  recent  date.  They  came  from  Syria, 
Nubia,  and  Somaliland,  and  may  be  the  animal  represented  on  monu- 
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ments  of  the  fourth  dynasty,  which,  with  the  exception  of  the  hump, 
resembles  very  much  modem  steppe  breeds  of  eastern  Europe. 

At  the  beginning  of  the  fourth  dynasty,  about  3000  B.  C,  the 
Egyptians  had  domesticated  the  cow,  ass,  goat,  dog,  pig,  goose,  and 
antelope  (Troltsch).  The  horse  was  introduced  during  the  time  of 
the  shepherd  kings.  Sheep,  camels,  buffaloes,  cats,  hens,  and  ducks 
were  later  additions.  After  sheep  became  common,  antelopes  and 
gazelles  went  out  of  favor. 

CARTHAGINIAN  AGRICULTURE. 

Notwithstanding  that  Cicero  says  the  weakness  and  downfall  of 
Carthage  was  due  to  the  neglect  of  arms  and  agriculture  for  trade 
and  commerce,  there  is  little  doubt  that  during  the  height  of  pros- 
perity agriculture  was  in  good  repute,  as  is  witnessed  by  the  writings 
of  Mago  and  Hamilcar.  When  Carthage  was  sacked  by  the  Romans 
but  few  books  were  preserved  except  those  on  agriculture.  The  coun- 
sels of  Mago  for  the  breaking  of  oxen  to  the  plow  have  yet  to  be 
improved  upon.  His  writings  were  the  source  of  much  of  the  infor- 
mation of  most  Eoman  writers  on  agricultural  subjects.  Most  of  the 
cattle  of  the  Carthaginians  were  derived  from  the  breeds  of  Egypt. 

CATTLE  OF  PREHISTORIC  EUROPE. 
^  THE  OLD  STONE  AGE. 

The  length  of  the  European  Palaeolithic  period,  or  stage  of  civili- 
zation in  which  cut-stone  implements  were  used,  can  not  be  estimated 
with  any  accuracy.  It  occurred  just  before  the  last  glacial  epoch, 
and  Mortillet  estimates  that  it  lasted  many  thousand  years,  while 
Baranski  (1896)  says  it  extended  only  from  4000  to  1000  B.  C,  and 
Miiller  (1897)  thinks  it  ended  in  Denmark  about  700  B.  C.  Un- 
doubtedly it  ended  at  a  much  later  period  in  northern  than  in  south- 
ern Europe.  Man  at  that  time  was  a  hunter  and  fisherman,  and  had 
no  domesticated  animals  until  toward  the  close  of  the  epoch.  The 
Indo-Germanic  invasion  occurred,  if  at  all,  at  about  this  time. 

The  Palaeolithic  Shell  heaps  along  the  coast  of  the  Cattegat  con- 
tain bones  of  Boa  prirmgerdus  and  the  European  bison,  which  lived 
there  wild  at  that  time,  at  least  3000  B.  C.  There  are  some  traces 
of  a  smaller  ox,  but  no  domesticated  ox  for  certainty. 

THE  NEW  STONE  AGE. 

At  the  beginning  of  the  Neolithic  or  polished-stone  period  the 
change  from  savagery  to  barbarism  was  made.  During  this  period 
it  is  the  common  belief  that  there  was  an  invasion  of  Europe  by  peo- 
ple from  Asia,  who  brought  with  them  a  few  domesticated  animals. 
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Some  of  the  pileworks  in  the  Swiss  lakes  were  erected  at  this  time. 
Beautiful  weapons,  household  utensils,  and  ornaments  were  made  of 
flint  and  polished  stones. 

Traces  of  a  domesticated  dog  are  found,  and  before  the  close  of 
the  period  probably  the  reindeer  had  been  partially  domesticated. 
In  the  pileworks  of  Switzerland  are  found  bones  of  Bos  longifrons. 

In  Denmark  the  Neolithic  period  extended  from  about  700  B.  C. 
to  200  B.  C.  (Mviller,  1897.)  In  Switzerland  it  began  much  earlier — 
extending  from  about  4000  to  2000  B.  C.,  according  to  Troltsch. 
During  this  period  we  find  cattle,  sheep,  goats,  swine,  and  perhaps 
the  horse,  domesticated  throughout  northern  and  central  Europe. 
Possibly  some  of  the  later  shell  heaps  were  formed  about  this  time, 
but  the  most  interesting  and  valuable  of  our  data  are  from  the  pile- 
works  about  the  lakes  of  Switzerland.  Remains  of  these  pileworks 
were  often  seen  during  low  water  in  winter,  though  little  notice  was 
taken  of  them  until  Caspar  Lohle,  a  peasant  of  Wangen,  began  to 
collect  implements  about  these  works  in  1810.  The  exceptionally 
low  water  of  the  winter  of  1853-54  exposed  so  much  of  the  remains 
to  view  that  Ferdinand  Keller  was  led  to  make  a  careful  study  of 
these  ancient  lake  dwellings.  So  far  as  our  evidence  now  extends 
the  oldest  of  these  works  were  built  at  about  the  beginning  of  the 
new  stone  period  either  by  the  Aryans,  who  came  from  Asia,  or  by 
people  who  had  borrowed  their  culture.  The  similarity  of  words, 
the  domesticated  animals,  and  cultivated  plants,  and  the  distribution 
of  the  pileworks,  some  of  which  extend  as  far  east  as  Turkestan, 
lead  to  the  inference  that  there  may  have  been  a  migration.  Until 
future  anatomical  studies  of  the  different  peoples  decide  the  question 
we  must  remain  uncertain  as  to  whether  the  culture  was  borrowed 
or  the  people  had  migrated. 

These  lake  dwellers  had  a  knowledge  of  agriculture  and  cattle  breed- 
ing. They  grew  wheat,  six-rowed  barley,  millet,  flax,  caraway,  weld, 
apples,  and  raspberries.  They  kept  herds  of  cattle,  goats,  sheep,  and 
swine.  The  flesh  of  the  horse  was  eaten,  but  it  is  doubtful  if  the 
horse  was  domesticated  at  this  time.  Cattle  were  used  as  beasts  of 
burden.  Cows  were  milked  and  cheese  and  butter  made.  A  dasher 
for  churning  butter  was  made  from  a  portion  of  a  tree  with  fascicu- 
late branches,  such  as  is  used  at  the  present  time  in  the  West  Indies. 

Bones  of  Bos  longifrons^  or  the  "  little  marsh  cow,"  are  very  abun- 
dant, and  this  at  a  period  possibly  before  Babylonian  civilization 
(Durst). 

Bison  and  Bos  jmrru-genius  are  among  the  wild  animals,  but  there 
is  some  evidence  that  the  latter  was  tamed  at  this  period,  giving  rise 
to  several  varieties.  Apparently  there  were  crosses  between  Bos  pri- 
ndgenius  and  Bos  longifrons. 
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At  Lattrigen,  on  the  southern  shore  of  Bieler  Lake,  are  found  what 
appear  to  be  transitional  forms  between  Bos  trochoceros  and  Boa 
frorUosus,  Troltsch  (1902)  regards  the  domesticated  primigenius 
forms  as  steppe  cattle  which  came  from  Asia  to  Europe  about  3000 
B.  C.  • 

Eiitimeyer  (1862)  divides  the  fauna  found  in  the  pilework  into 
two  periods.  In  the  first,  or  age  of  primitive  domesticated  races,  ani- 
mal food  was  mostly  obtained  by  hunting  and  fishing.  The  domes- 
ticated animals  were  the  dog,  sheep,  goat,  and  two  races  of  cattle. 
Bos  primigenius  and  Bos  longifrons.  This  period  corresponds  with 
the  Stone  ages  of  antiquarians.  Remains  at  Wangen  and  Moosedorf , 
where  there  are  no  tame  swine,  represent  the  beginning,  and  those  at 
Concise  the  end  of  the  period. 

The  second  period  is  the  age  of  multiple  races  of  the  different 
animals  and  begins  with  the  use  of  metals.  Among  the  new  races 
are  the  frontosus  race  of  cattle,  a  larger  dog,  and  a  large  and  a  small 
variety  of  hog.  The  period  gradually  changes  to  the  present,  which 
we  may  call  the  age  of  cultivated  races. 

THE  BRONZE  AGE. 

At  about  the  beginning  of  the  Bronze  age  man  was  slowly  ad- 
vancing from  barbarism  to  semicivilization.  The  number  of  domes- 
ticated plants  and  animals  increased.  In  central  Europe  the  lake 
dwellers  were  at  the  height  of  their  development.  Cattle  breeding 
at  this  time  held  an  important  place  in  their  industrial  life.  (Miiller, 
1897.)  The  cattle  were  smaller  than  the  typical  Bos  longifrons^ 
which  Rutimeyer  says  may  have  been  reduced  in  size  by  inbreeding. 
In  some  places,  as  at  Morigen,  sheep  breeding  was  largely  replacing 
cattle  breeding.  At  this  time  the  horse  was  domesticated,  and  before 
the  end  of  the  Bronze  age  the  fowl  from  India  was  introduced 
(Troltsch).  Recent  excavations  have  uncovered  works  of  art  in  the 
palace  at  Knossos,  on  the  island  of  Crete,  in  which  Bos  primigenius 
is  depicted  as  domesticated  and  used  in  bullfighting  in  pre-Myce- 
naean  times.  The  Mycenaean  age  of  Greece  (about  1500  B.  C.)  was 
contemporary  with  the  last  of  the  lake  dwellings. 

ORIGIN  OF  THE  CATTLE  OF  MODERN  EUROPEAN  COUNTRIES. 

GREECE. 

Neither  the  rocks  of  Arcadia,  the  swamps  of  Laconia  and  Acam- 
ania,  nor  the  droughts  of  Attica  prevented  the  Greeks  from  success- 
ful tillage  in  the  fertile  spots  of  their  mountainous  peninsula.  In 
Thessaly  and  Messenia  the  soil  was  fertile,  and  wheat,  barley,  wine^ 
and  oil  were  the  chief  agricultural  products.       Most  of  the  pas- 
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turage  was  poor;  thus  sheep  and  goats  were  more  numerous  than 
cattle.  Yet  there  were  white  cattle  in  Thessaly,  hornless  cattle  in 
Borysthenes,  and  a  large  breed  of  cattle,  improved  by  Pyrrhus  about 
300  B.  C.,  in  Epirus.  Pyrrhus  selected  breeding  stock  according  to 
strict  rules,  and  no  heifers  were  allowed  to  breed  until  they  were  4 
years  of  age.  Some  of  his  cows  gave  IJ  amphorean  (40  liters)  of 
milk  per  day.  Cheese,  and  probably  butter,  was  made  by  the  ancient 
Greeks.  Arrian  says  that  Alexander  the  Great  imported  2,000  or 
more  head  of  cattle  from  India  (probably  they  were  zebus). 

Country  life  in  Greece  was  dependent  to  a  great  degree  upon  social 
and  political  conditions.  Constant  risk  of  invasion  compelled,  the 
people  to  live  in  or  near  the  city  walls.  The  rural  arts  were  practiced 
by  slaves  and  peasants,  yet  the  science  of  agriculture  was  known  to 
the  educated,  for  Columella  says  that  50  agricultural  treatises  in 
Greek  had  been  lost  before  his  time. 

FFALY. 

Though  the  Indo-Germans  led  a  pastoral  life  and  knew  the  cereals 
only  in  a  wild  state  at  the  time  of  the  migration,  the  Greco-Italians 
were  grain  cultivators.  We  infer,  then,  that  agriculture  was  adopted 
after  leaving  their  original  home  and  before  settling  in  Italy  and 
Greece.  Italy  was  a  land  much  better  adapted  for  cattle  raising 
than  Greece.  The  Greeks  referred  to  Italy  as  the  land  of  cattle. 
Perhaps  the  word  "  Italy  "  was  derived  from  the  Greek  word  mean- 
ing "  bull,"  although  some  philologists  ascribe  the  origin  of  the  word 
to  "  Italus,"  a  mythical  king  in  southern  Italy  who  persuaded  his 
people  to  turn  from  herding  to  tilling  the  soil.  From  the  Roman 
laws  we  may  infer  that  wealth  first  consisted  of  cattle  and  the  usu- 
fruct of  the  soil  (Mommsen). 

Among  the  Romans  the  draft  ox  was  considered  invaluable,  and 
to  kill  one  was  as  serious  a  crime  as  to  kill  a  man.  White  bulls  were 
often  offered  as  a  sacrifice  to  the  gods.  Each  Roman  province  had 
its  own  breed  of  cattle.  In  general,  the  different  breeds,  especially 
those  of  Lucania,  Umbria,  and  Sabinia,  were  large  and  of  the  brachy- 
cephalus  type,  when  it  appears  for  the  first  time.  In  Campania  and 
Siguria  the  cattle  were  smaller  and  of  the  longifrons  type.  Latium 
possessed  a  close-built,  good  working  breed.  The  Apenine  cattle 
were  hardy  but  less  comely.  The  smaller  breeds  in  the  valleys  of 
northern  Italy  yielded  a  good  flow  of  milk,  which  in  the  spring  was 
considered  a  good  medicine.  Many  Romans  went  to  the  herds  of 
Switzerland  for  the  cure  of  tuberculosis. 

From  Columella's  description  of  the  points  of  bulls,  cows,  and 
draft  oxen,  we  may  conclude  that  considerable  attention  was  paid  to 
selection  of  breeding  animals.  That  cattle  were  bred  in  large  numbers 
we  know  from  the  Punic  Wars,  when  Hannibal  captured  2,000  oxen 
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and  at  one  time  offered  up  300  white  bulls  as  a  sacrifice.  At  another 
time  he  escaped  from  a  snare  laid  by  Fabius  Maximus  by  tying  torches 
to  oxen  at  night  and  driving  them  up  the  slope  of  the  mountains.  The 
Romans,  thinking  that  the  Carthaginians  were  escaping,  started  to 
head  them  oflf,  but  were  met  by  an  array  of  wild  oxen.  Hannibal 
easily  escaped  through  a  defile  which  was  then  left  unguarded. 

Cattle  breeding  in  Italy  was  influenced  by  breeding  stock  which 
was  carried  from  Epirus  in  Greece  to  Lucania.  Keller  (1902)  says 
that  these  were  of  primigenius  type,  whereas  Kramer  (1899)  does 
not  see  primigenius  represented  by  any  Roman  artist. 

In  northern  Italy  and  Switzerland  the  larger  breeds  were  spoken 
of  as  Celtic  cattle.  Kramer  (1899)  thinks  the  Celts  did  not  bring 
their  cattle  with  them.  When  Ceesar  defeated  the  Helvetians  in  the 
battle  of  Bibrachte  all  of  their  property  was  destroyed.  After  that 
these  brachycephalus  types,  which  were  the  result  of  breeding  and 
which  the  Celts  did  not  know,  were  taken  by  the  Romans  into  Swit- 
zerland. Like  the  Roman  goat,  this  type  of  cattle  was  carried  in  two 
directions,  one  to  the  valley  of  Wallis  in  west  Switzerland  and  the 
other  to  the  Duxer  and  Ziller  Valleys  in  the  east.  In  excavating  for 
a  railroad  from  Lyons  to  Vaugneray  in  1885  many  bones  of  cattle 
were  found  among  the  remains  of  the  Roman  village  of  Lugdunsian, 
which  were  of  the  longifrons  type  (Cornevin,  1885;  Mortillet,  1890). 
In  the  Celtic  deposits  of  Liggenthal  only  longifrons  and  primigenius 
are  found.  Roman  cattle  were  also  taken  to  England,  as  we  shall 
see  later. 

GAUL. 

In  very  ancient  times,  along  the  continental  shores  of  the  English 
channel  (northwestern  France  and  the  Netherlands),  the  people  had 
cattle  of  the  longifrons  type.  Farther  east  the  people  then  living  be- 
tween the  Danube  and  the  Alps  possessed  large  and  strong  cattle  that 
must  have  been  of  the  primigenius  type.  The  color  of  these  cattle 
was  red  with  white  markings.  We  may  consider  this  breed  as  the 
progenitor  of  the  modern  breed  of  Salers,  France.  In  the  meantime 
the  original  breed  had  been  crossed  with  Bos  hrachycephcHus^  and  the 
resulting  cross  was  known  as  the  "  Celtic  red." 

About  the  middle  of  the  fourth  century  the  Salie  Franks  entered 
Gaul  and  after  much  fighting  settled  in  the  northeastern  part,  bring- 
ing their  large  cattle  with  fhem.  Thus  the  native  longifrons  was 
supplanted  by  the  westward  march  of  primigenius.  Before  the  close 
of  the  next  century  the  remainder  of  Gaul  had  been  conquered, 
though  but  few  cattle  were  introduced  (Werner) . 

IBERIA. 

Before  the  Aryan  invasion  the  people  of  the  Iberian  peninsula 
(Spain  and  Portugal)  had  a  variety  of  hrachycephcdvs  cattle.    These 
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cattle  were  also  in  north  Africa,  Corsica,  Sardinia,  and  France.  Mod- 
em representatives  are  in  Spain  to-day.  They  gradually  spread  to 
the  east  and  deviated  from  the  common  type.  According  to  Werner 
the  Celts  brought  primigenius  breeds  to  Iberia  and  crossed  them 
with  the  native  stock,  giving  rise  to  the  breeds  now  known  as  Brit- 
tany of  France,  Kerry  of  Ireland,  the  Welsh  Black,  Devon,  Here- 
ford, and  Longhorn  of  Great  Britain,  the  Duxer  and  Pinzgauer  of 
southern  Germany,  and  the  Piedmont  breeds  of  northern  Italy. 
Kramer  (1899)  thinks  that  the  Celts  did  not  take  their  cattle  with 
them  as  they  migrated.  It  is  quite  certain  that  the  Celtic  breeds 
had  little  effect  in  changing  the  Iberian  native  stock. 

SWITZERLAND. 

Werner  states  that  the  aboriginal  Swiss  cattle  were  black  with 
white  spots,  now  represented  by  the  short-headed  Vogesen  and  the 
Freibourg  black  spotted,  but  that  the  latter  has  lost  the  short-headed 
character  in  crossing. 

When  the  Burgimdians  settled  in  west  Switzerland  in  443  A.  D., 
a  new  breed  of  the  frontosus  type  was  introduced  to  Switzerland. 
According  to  Ptolemy  and  Pliny  the  Burgundians  previously  lived 
near  the  Rivers  Vistula  and  Spree.  Some  later  Evidence  points  to 
south  Sweden  as  their  home.  In  the  Icelandic  Edda  (written  prob- 
ably about  the  twelfth  century)  the  island  of  "  Bomholm  "  is  called 
"  Borgundarholm." 

It  is  well  to  note  that  frontosus  was  first  found  in  south  Sweden. 
A  study  of  this  type  may  furnish  some  decisive  evidence  as  to  the 
original  home  of  the  Burgundians.  The  cattle  in  the  mountains  of 
Switzerland  still  retain  the  longifrons  characteristics,  and  the  im- 
proved breeds,  like  the  well-known  Brown  Swiss,  are  a  result  of 
careful  selection  ever  since  the  pileworkers  lived  in  that  vicinity. 
(For  a  history  of  this  breed,  see  Ringholz,  1908.) 

RUSSIA. 

Herodotus  writes  of  the  polled  cattle  of  the  Scythians,  in  what  is 
now  southern  Russia,  about  500  B.  C.  Werner  says  that  these 
Scythians  had  a  breed  of  brown  cattle  with  long  horns,  and  hornless 
zebus,  as  well  as  crosses  between  the  two.  Middendorf  finds  small 
hornless  breeds  in  the  woods  of  southern  Russia  which  correspond 
to  the  Scythian  cattle  of  Herodotus,  and  also  says  that  the  polled 
primigenius  breeds  of  northern  Russia  came  from  this  Scythian 
stock.  In  Finland  and  northern  Russia  the  cattle  are  small  but  of 
primigenius  type.  The  Cholmogory  breed  of  northern  Russia  was  a 
cross  of  the  native  cattle  with  improved  breeds  from  Holland. 
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GERMANY. 

From  Tacitus  and  other  classic  authors  we  learn  that  in  the  land  of 
the  Germans  there  were  many  cattle,  which  were  small,  though  of  the 
primigenius  type. 

It  abounds  in  flocks  and  herds,  but  In  general  of  a  smaU  breed.  Even  the 
beef  kind  are  destitute  of  their  usual  stateliness  and  dignity  of  head;  they 
are,  however,  numerous,  and  form  the  most  esteemed,  and  Indeed  the  only 
species  of  wealth.  ♦  ♦  ♦ 
Homicide  is  atoned  by  a  certain  fine  in  cattle  and  sheep.  ♦  ♦  ♦ 
Their  food  is  simple ;  wild  fruits,  fresh  evening  or  coagulated  milk.  [A  note 
says  this  is  not  cheese,  although  Csesar  says  "their  diet  consists  of  milk; 
cheese,  and  flesh."] 

Pliny  says: 

It  is  surprising  that  the  barbarous  nations  who  live  on  milk  should  for  so 
many  ages  have  been  ignorant,  or  have  rejected  the  preparation  of  cheese^ 
especially  since  they  thicken  their  milk  into  a  pleasant  tart  substance,  and  a 
fat  butter;  this  is  the  scum  of  milk  of  a  thicker  consistency  than  what  is 
called  whey.  It  must  not  be  omitted  that  It  has  the  properties  of  oil,  and  is 
used  as  an  unguent  by  all  the  barbarians  and  by  us  for  children.     (XI,  41.) 

Caesar  says  the  Germans  were  not  studious  of  agriculture.  A  cross 
of  the  primigenius  of  the  old  Teutons  took  place  with  lon{/ifroii8^ 
which  is  seen  in  the  lowland  breeds  of  Germany  to-day.  At  the 
beginning  of  the  fifth  century  the  Allemanni  went  from  south  Ger- 
many to  east  Switzerland,  carrying  the  red  Celtic  brachycephalus 
and  crossed  it  with  longifrons^  giving  rise  to  the  Algaiier  breed.  The 
yellow  breed  of  Oberinthaler  may  also  have  arisen  in  a  similar  man- 
ner after  the  Gauls  entered  Ehetia  (Werner). 

In  northwestern  Germany  the  cattle  are  similar  to  those  of  the 
Netherlands,  while  in  the  southern  part  they  are  more  like  the  cattle 
of  Switzerland.  In  the  middle  part  of  the  empire  are  a  variety  of 
breeds  which  are  little  known  outside  of  their  native  districts,  so 
that  any  detailed  description  of  them  here  must  be  omitted.  A  few 
representatives  of  the  Simmenthal  breed,  a  beautiful  modern  type  of 
fronUostis^  have  been  brought  to  the  United  States. 

A  detailed  description  of  German  breeds  may  be  found  in  the  works 
of  Dr.  Hugo  Werner  and  other  German  authors.  (See  also  "  Cattle 
and  Dairy  Farming,"  United  States  Consular  Keports,  2  vols.,  1887.) 

THE   NETHERLANDS. 

The  oldest  inhabitants  of  Holland  of  which  we  have  any  records 
are  the  Friesians,  who  dwelt  on  the  shores  of  the  North  Sea  as  early 
as  300  B.  C.  They  were  a  peaceable,  pastoral  people  and  may  have 
originally  migrated  from  central  or  western  Asia.  Little  is  known 
concerning  the  characteristics  of  their  cattle,  but  it  is  certain  that  a 
portion  of  them  were  white  and  that  they  were  of  some  religious  sig- 
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nificance.  Two  hundred  years  later  another  German  tribe,  the  Bata- 
vians,  came  down  the  Rhine  from  Hesse  and  settled  near  the  Friesians, 
where  they  drained  marshy  lands  and  islands,  built  dikes,  and  had 
numerous  herds  of  large,  longhomed  black  cattle  of  the  primigenius 
type,  which  in  all  probability  they  had  brought  from  their  former 
home.  Since  that  time  cattle-keeping  has  been  the  chief  occupation 
of  these  people  when  not  engaged  in  defending  themselves  against  the 
onslaughts  of  the  Normans,  Jutes,  Angles,  and  other  quarrelsome 
neighbors. 

Referring  to  a  more  recent  period,  Motley,  the  historian,  says : 

On  that  scrap  of  solid  ground  rescued  by  human  energy  from  the  ocean  were 
^  the  most  fertile  pastures  in  the  world;  an  ox  often  weighed  2,000  pounds,  the 
cows  produced  two  and  three  calves  at  a  time,  and  the  sheep  four  and  five  lambs. 
In  a  single  village  4,000  kine  were  counted.  Butter  and  cheese  were  exported 
to  the  annual  value  of  $1,000,000,  salted  provisions  to  an  Incredible  extent. 
The  farmers  were  Industrious,  thriving,  and  independent. 

So  fertile  were  the  lands  in  this  region  that  during  the  twelfth 
and  thirteenth  centuries  a  tide  of  emigration  set  in  that  direction 
from  neighboring  lands  less  fitted  for  the  grazing  and  rearing 
of  cattle.  The  first  cattle  market  in  that  vicinity  was  at  Hoorn, 
which  was  established  as  early  as  1311  A.  D.  Bakker's  recent  study 
of  the  origin  of  the  cattle  in  Holland  leads  to  the  conclusion  that  the 
original  color  was  red  and  that  the  black  color  came  from  Jutland 
cattle  imported  in  the  latter  part  of  the  eighteenth  century. 

As  a  good  cattle  land  Holstein  is  of  somewhat  later  date  than  the 
Netherlands.  Many  colonists  went  from  Friesland,  Holland,  and 
Westphalia  and  settled  in  Holstein,  taking  cattle  along  with  them 
(Hengeweld).  By  far  the  larger  number  of  cattle  in  this  region  are 
black-and-white  in  color,  large  in  size,  and  noted  for  giving  large 
quantities  of  milk.  Those  in  Holland  may  be  considered  the  most 
typical  of  the  breed.  Many  subbreeds,  some  of  them  red  in  color, 
have  been  derived  from  the  principal  type  and  are  designated  by 
some  local  geographical  name.  It  is  a  misnomer  to  call  the  breed 
Holstein,  which  is  only  a  subbreed,  or  even  Holstein-Friesian,  a 
name  adopted  by  the  breeders  of  these  cattle  in  the  United  States. 
The  native  farmers  use  the  term  "Dutch"  to  designate  the  cattle, 
which  is  more  appropriate ;  as  also  the  "  Nederlandish,"  and  "  Hol- 
landaise,"  used  respectively  by  the  Germans  and  French. 

In  the  seventeenth  and  eighteenth  centuries  large  numbers  of 
Netherlands  cattle  were  imported  to  the  British  Isles,  most  of  them 
going  to  the  district  of  Holderness  and  the  fertile  district  of  the 
Tees.  Peter  the  Great  imported  some  to  Russia  and  crossed  them 
with  natives,  and  from  the  cross  has  resulted  the  Cholmogorian 
breed.  In  the  last  two  decades  of  the  nineteenth  century  large  num- 
bers of  Dutch  cattle  were  imported  to  the  United  States. 
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SCANDINAVIA. 

From  the  ancient  Sagas  we  learn  that  there  were  two  breeds  of 
cattle  in  Scandina^na.  One  was  a  small  white  or  white-spotted, 
hornless  breed  living  among  the  moimtains  in  north  Sweden ;  the 
other  was  a  large  black  breed  similar  to  the  cattle  of  Jutland  and 
Denmark.  At  the  entrance  of  the  Goths  there  was  anoth3r  highly 
prized,  large-horned  breed,  either  red  or  yellow  in  color,  which  ap- 
pears to  have  been  introduced  by  them.  The  Vikings  were  in  the 
habit  of  taking  their  cattle  with  them  on  shipboard,  and  the  Nor- 
wegian settlers  in  Iceland  in  874  brought  their  cattle  along  with 
them  (Malet,  "  Northern  Antiquities  ").  Thorsin,  the  Icelander  who 
founded  a  colony  in  Vinland,  carried  cattle  with  him. 

Sundbarg,  referring  to  the  cattle  of  Sweden,  says : 

The  history  of  the  cattle  in  our  country  presents  a  good  many  vicissitudes. 
The  law  of  Uppland,  A.  D.  1296,  describes  Swedish  cattle  as  being  small,  horn- 
less, white  or  whitish  gray,  often  with  dark  spots.  The  Alpine  breed  in  north- 
ern Sweden  is  so  still,  a  race  we  have  every  reason  to  consider  as  being  the 
oldest  in  the  country. 

In  the  sixteenth  century  King  Gustav  I  imported  breeds  from  Jut- 
land and  Holland.  Since  then  many  importations  have  been  made 
from  the  lowlands.  The  famous  Thelemarken  breed  of  Southern 
Norway  is  a  direct  descendant  of  Bos  frontosus. 

DENMARK. 

In  Denmark  there  are  principally  two  breeds,  the  black-and-white 
breed  of  Jutland,  with  an  origin  similar  to  that  of  the  Holland 
cattle,  and  the  Eed  Danish,  a  breed  whose  origin  is  about  the  same 
as  the  red  breed  in  Schleswig.  Both  of  these  have  gradually  evolved 
from  the  native  breeds  which  have  been  in  that  vicinity  since  the 
dawn  of  history.  Many  of  the  English  breeds,  especially  Shorthorns, 
have  been  introduced  into  Denmark,  and,  according  to  Rasmussen, 
have  had  an  important  influence  in  the  development  of  Denmark 
from  a  grain-growing  to  a  cattle  country,  not  so  much  by  the  in- 
fusion of  new  blood,  as  by  giving  the  farmers  an  ideal  as  to  form 
and  teaching  them  the  importance  of  good  feed  and  care  in  the 
rearing  of  cattle. 

FRANCE. 

The  French  eat  much  less  beef  than  the  English,  and  thus  their 
breeds  of  cattle  have  been  developed  for  the  dairy  and  for  draft  pur- 
poses rather  than  for  meat.  The  largest  and  most  popular  general- 
purpose  breed  is  the  Normandy,  a  descendant  of  Bos  primigenius. 
There  are  several  subbreeds — one  of  them,  the  Cotentine,  has  been 
bred  mainly  for  milk,  and  another,  the  Augeronne,  for  beef.    The 
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heavy-milking  Charolais  breed,  white  in  color,  is  presumably  a  mod- 
em type  of  Bos  frontosua.  The  Nivernais,  a  subbreed,  is  probably  a 
cross  between  the  English  Shorthorn  and  the  Charolais.  The  Fla- 
mande  breed  in  northeastern  France,  whose  origin  is  similar  to  that 
of  the  Dutch  cattle,  is  divided  into  a  great  many  subbreeds,  some  of 
which  are  famous  for  milk  production. 

The  Limousine  breed,  of  Celtic  shorthorn  type,  is  one  of  the  best 
beef  breeds  of  France,  although  not  so  large  as  many  others.  Breeds 
of  southwestern  France  resemble  the  Iberian  breeds,  and  those  of  the 
southeastern  part  are  more  like  the  Swiss  cattle. 

Besides  the  native  breeds  there  have  been  many  importations  of 
Shorthorns  into  northern  France,  as  well  as  some  Jerseys  and  Hol- 
steins.  (For  detailed  descriptions  of  French  breeds  see  Werner,  De 
Lapparent,  and  United  States  Consular  Reports.) 

GREAT  BRTTAIN. 

Abimdant  remains  of  Bison  priscus  and  Bos  primigemus  appear  in 
Pleistocene  strata  in  Great  Britain.  Both  continued  to  live  there  for 
a  long  time.  The  bison  disappeared  first,  while  prinvigerdus  contin- 
ued through  the  Neolithic  period  and  possibly  in  the  mountain  fast- 
nesses until  within  historic  times. 

But  a  short  time  elapsed  between  the  last  of  the  lake  dwellers  in 
Switzerland  and  Caesar's  entrance  into  Great  Britain,  which  was  then 
in  the  pastoral  stage,  but  during  the  Roman  occupation  the  inhabit- 
ants began  to  pay  more  attention  to  the  cultivation  of  plants. 
Cwsar  found  large  herds  of  domesticated  cattle,  but  they  were  evi- 
dently of  the  longifrons  type,  which  was  abundant  during  the  Bronze 
age.  The  remains  reveal  a  small  breed  about  the  size  of  the  Irish 
Kerry.  The  small  horns  were  sharply  curved  forward.  Excavations 
show  that  since  that  time  the  native  breed  was  gradually  modified 
and  increased  in  size  with  an  outward  and  upward  curve  of  horns. 
Hughes  (1894  and  1896)  says  these  changes  could  not  come  about  by 
a  cross  with  primigenius  breeds. 

Sculptures,  coins,  and  mural  paintings  of  Roman  cattle  are  repre- 
sented with  upturned  horns  much  like  some  Italian  breeds  of  to-day. 
Other  Italian  breeds  have  horns  growing  outward.  Reasoning  from 
these  premises,  Hughes  thinks  that  cattle  were  carried  from  Italy  to 
England  during  the  Roman  occupation  and  crossed  with  the  native 
longifrons.  The  semiwild  cattle  now  roaming  in  the  parks  of  Great 
Britain  resemble  the  Sicilian  and  ancient  Roman  breeds.  As  Roman 
cattle  were  also  one  variety  of  longifrons^  it  would  appear  that  the 
early  breeds  of  Britain  were  exclusively  of  the  longifrons  type.  The 
only  alternative  is  the  question  as  to  whether  or  not  longifrons  is 
itself  a  stunted  form  of  primigemus. 
-11 ^15 
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Another  modification  of  British  cattle  began  when  longhomed 
cattle,  of  primigenius  descent,  were  introduced  from  Jutland,  Fries- 
land,  and  the  Lower  Elbe.  Grant  Allen,  in  "Anglo-Saxon  Britain" 
(p.  14),  says: 

The  early  English  in  Sleswick  and  Friesland  had  partially  reached  the  agri- 
cultnral  stage  of  civilization.  They  tilled  little  plots  of  ground  in  the  forest; 
but  they  depended  more  largely  for  subsistence  upon  their  cattle,  and  they  were 
also  hunters  and  trappers  in  the  great  belts  of  woodland  or  marsh  which  every- 
where surrounded  their  isolated  villages.  They  were  acquainted  with  the  use 
of  bronze  from  the  first  period  of  their  settlement  in  Europe. 

The  wealth  of  the  people  consisted  mainly  in  cattle,  which  fed  on  the  pasture, 
and  pigs  turned  out  to  fatten  on  the  acorns  of  the  forest ;  but  a  small  portion  of 
the  soil  was  plowed  and  sown,  and  this  portion  also  was  distributed  to  the 
villagers  for  tiUage  by  annual  arrangement. 

The  Saxons  probably  brought  their  cattle  with  them  to  England, 
while  the  Celts  retreated  with  their  shorthomed  longifrons  to  the 
mountains  of  Scotland  and  Wales.  The  descendants  of  these  cattle 
have  furnished  the  foimdation  stock  of  modem  breeds  in  those  dis- 
tricts. Later  introductions  from  Normandy  and  northern  Germany 
have  modified  the  breeds  in  the  eastern  and  southern  coimtries. 
Hughes  cites  the  Kerry  as  the  modem  breed  most  typical  of  the  old 
Celtic  Shorthorn,  the  Highland  and  Welsh  breeds  of  the  cross  between 
the  Celtic  Shorthorn  and  Roman  cattle,  and  the  longhom  breed  as  the 
most  typical  of  the  result  of  a  cross  with  the  breeds  of  the  lowlands 
on  the  Continent. 

It  is  the  general  opinion  at  the  present  time  that  the  white  Park 
cattle  are  descendants  of  some  domesticated  white  breed  which  have 
become  feral.  Wilson  believes  that  all  hornless  breeds  of  the  British 
Isles  can  be  traced  to  a  Scandinavian  origin,  but  this  does  not  accoimt 
for  the  hornless  wild  cattle  nor  the  hornless  skulls  found  in  the 
Roman  fort  at  Newstead. 

Ewart  (1911)  finds  four  distinct  types  of  homed  oxen  at  New- 
stead,  namely,  longifrons^  primigenius^  acutifrons^  and  a  type  with  a 
convex  forehead  and  rounded  poll  resembling  namadicus  rather  than 
prirmgerdus.  There  were  also  flat-polled  and  round-polled  types  of 
hornless  oxen. 

IKELAND. 

The  native  cattle  of  Ireland  are  presumably  descendants  of  the 
wild  forest  breed,  as  they  have  characteristics  resembling  the  Welsh 
and  Highland  cattle.  The  remains  of  Bos  longifrons  are  also  abun- 
dant. At  Uriconium,  which  for  a  long  time  was  the  headquarters  of 
the  Roman  Twentieth  Legion,  remains  of  frontosus  have  been  found 
(Blyth,  1864). 

Females  were  more  abundant  than  the  males,  an  indication  that  they 
were  domesticated.  The  oldest  annals  of  Ireland  refer  to  homed  cat- 
tle, but  for  a  long  period  hornless  cattle  also  have  been  quite  numerous* 
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CHANNEL  ISLANDS. 

It  has  often  been  stated  that  the  cattle  of  the  four  islands  of  Jersey, 
Guernsey,  Aldemey,  and  Sark  originally  came  from  Normandy,  yet 
most  naturalists  place  Normandy  cattle  in  the  primigenius  group, 
while  the  Channel  Islands  cattle,  the  Brittanies,  and  the  Kerries  are 
regarded  as  descendants  of  Boa  longifrons.  In  our  opinion  this  is 
the  most  likely  supposition,  although  no  doubt  there  has  been  some 
admixture  of  Norman  blood,  especially  in  the  Guernsey  cattle. 

The  deerlike  form  and  color  of  the  Jerseys  indicates  unmistakably 
longifrons  blood.  The  cattle  of  the  other  islands,  by  their  color, 
length  of  leg,  and  larger  body,  show  a  closer  resemblance  to  the  Nor- 
man cattle,  which  would  be  likely,  as  laws  restricting  importations 
of  cattle  have  been  less  stringent  than  in  the  island  of  Jersey,  where 
no  foreign  breed  has  been  imported  for  about  125  years. 

ORIGIN  OF  THE  PRINCIPAL  TYPES  OF  CATTLE  IN  AMERICA. 

The  first  cattle  in  America  were  brought  in  1493  by  Columbus  on 
his  second  voyage.  Subsequently  many  other  cattle  were  brought 
from  Spain  to  the  New  World  by  the  colonists  who  settled  in  the 
West  Indies.  Some  of  the  cattle  escaped  from  captivity  and  lived 
in  a  wild  state  where  there  were  rich  grazing  lands  in  the  wilds  of 
the  Antilles.  From  the  West  India  Islands  these  cattle  of  Spanish 
descent  were  carried  to  the  mainland  both  north  and  south  of  the 
Isthmus  of  Panama.  About  1525  some  were  taken  to  Vera  Cruz, 
Meidco,  where  they  rapidly  multiplied  and  gave  rise  to  the  stock 
which  later  became  known  to  the  breeders  in  the  United  States  as 
"  Texas  "  cattle,  and  hence  are  of  Spanish  origin  as  well  as  those  of 
South  America. 

The  Portuguese  made  settlements  at  Cape  Breton  Island  and  other 
places,  as  an  adjimct  to  the  fishing  industry,  about  1525,  or  even 
earlier.  Both  cattle  and  swine  were  taken  by  the  fishermen  to  New- 
foimdland  and  Nova  Scotia  in  1553.  In  1604  Lescarbot,  a  French 
lawyer,  carried  cattle  to  Arcadia.  Five  years  later  he  wrote  a  history 
of  New  France,  wherein  he  states  that  in  1508  or  thereabouts  Baron 
de  Lery  attempted  a  settlement  at  Sable  Island,  and  the  cattle  foimd 
many  years  later  on  the  island  are  supposed  to  be  descendants  of 
De  Lery's  stock.  When  the  Huguenots  settled,  in  1672,  on  the  Broad 
River,  S.  C,  they  may  have  taken  cattle  with  them,  but  up  to  the 
present  time  we  have  found  no  record  to  that  effect. 

The  fij^t  cattle  to  reach  the  territory  now  included  in  the  United 
States  were  brought  by  Sir  Richard  Grenville  to  Virginia  in  1535, 
in  an  expedition  sent  out  by  Sir  Walter  Raleigh,  which  left  Plym- 
outh, England,  on  April  9,  but  the  colony  perished  and  the  cattle 
were  probably  slaughtered  by  the  settlers.    From  an  exhaustive  study 


Digitized  by  VjOOQIC 


228  27th  eepobt,  bubeau  op  animal  indxtstby. 

of  the  records^  it  is  evident  that  the  cattle  introduced  at  James- 
town, Va.,  were  from  English  breeds,  with  some  mixture  of  Spanish 
cattle  from  the  West  Indies.  In  New  York  the  cattle  were  largely 
of  Dutch  origin.  In  Pennsylvania. the  cattle  were  brought  over  by 
the  Dutch  and  Swedish  settlers.  At  Plymouth,  Mass.,  the  cattle  were 
brought  from  Holland  and  England.  The  ships  which  arrived  at 
Boston  contained  piostly  English  breeds,  the  Devon  predominating. 
In  New  Hampshire  Capt.  Mason  introduced  a  large  yellow  breed 
from  Denmark.  In  Canada  the  importations  were  largely  from 
France. 

In  the  West  Indies,  Mexico,  and  Central  and  South  America  the 
cattle  were  nearly  all  from  Spanish  stock  until  within  recent  years. 
Many  good  breeding  animals  from  improved  breeds  have  been  im- 
ported from  Europe  and  the  United  States  to  Argentina  and  other 
countries  of  South  and  Central  America  during  the  past  50  years. 
Humped  cattle  of  India  (zebus)  have  also  been  imported  to  Texas 
and  the  West  Indies,  because  of  their  supposed  immunity  from  Texas 
fever,  and  the  crosses  with  native  cows  have  thus  far  been  very  suc- 
cessful. 

Although  we  speak  of  the  different  breeds  of  cattle  that  were 
brought  to  America,  there  were  many  nondescriptjs,  and  but  few  if 
any  would  be  recognized  as  belonging  to  any  type  of  our  modern 
purebreds  until  Messrs.  Miller  and  Gough  imported  what  were  sup- 
posed to  be  pure  Shorthorns  in  1783.  With  the  exception  of  the  Hol- 
steins  and  the  Brown  Swiss,  but  few  cattle  from  other  countries  have 
been  imported  except  from  the  British  Islands. 

Cattle  not  being  native  to  America,  there  are  no  strictly  American 
breeds,  but,  owing  to  differences  in  climate,  care,  and  ideals  of  Ameri- 
can breeders,  the  European  breeds  which  have  been  brought  to 
America  have  nevertheless  changed  to  some  extent.  Occasionally  a 
strain  of  improved  stock  has  arisen  as  a  sport,  or  by  careful  selection 
of  the  stock  has  obtained  a  local  reputation  as  a  breed,  such  as  the 
Gore  breed,  well  known  in  New  England  75  years  ago,  and  still  later 
the  American  Holderness  in  New  York ;  but,  up  to  the  present  time, 
with  the  exception  of  the  Polled  Durham  and  the  French-Canadian, 
none  of  the  so-called  American  breeds  has  obtained  anything  like 
a  national  reputation. 

CLASSIFICATION  OF  MODERN  BREEDS. 

Early  classifications  of  breeds  were  based  upon  their  geographical 
distribution.  Sturm,  in  1825,  gave  the  classification  of  lowland, 
upland,  and  mountain  breeds.    Later,  the  factor  of  color  was  taken 

^The  results  of  a  study  of  the  early  importations  of  cattle  in  America  and  cattle 
breeding  in  colonial  times  will  be  giyen  more  in  detail  in  a  later  paper. 
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into  consideration.  A  half  century  ago  the  cattle  in  Great  Britain 
were  divided  into  shorthorns,  middlehoms,  and  longhoms.  To-day, 
English  and  American  writers  arrange  them  according  to  their  eco- 
nomic value  as  beef  breeds,  dairy  breeds,  and  general-purpose  cattle, 
while  the  Germans  make  physiographical  factors  an  important  con- 
sideration, as  Krafft,  who  made  seven  divisions,  namely,  steppe,  low- 
land, solid-colored  mountain,  spotted  valley,  upland,  English,  and 
French  breeds.  Wagner  (1837)  was  the  first  to  rely  upon  osteological 
characters.  His  two  classes  were  arranged  according  to  the  curva- 
ture of  the  vertebral  column:  (1)  Taurus  hypselurvs — cauda  (dUs- 
sima  posit a^  and  (2)  Taurus  frisius — cauda  profunda  posito — a 
questionable  division. 

Sanson,  following  the  methods  of  the  anthropologists,  divided  cat- 
tle into  two  groups,  the  dolichocephalic  or  long-headed,  and  the 
brachycephalic  or  broad-headed.  These  two  groups  he  subdivided 
again,  making  four  subspecies  or  races.  These  were:  (1)  Bos  taurus 
Ugeriensisj  (2)  Bos  taurus  jurassicus^  (3)  Bos  taurus  iatavicuSj  and 
(4)  Bos  taurus  alpirms;  the  first  two  being  brachycephalic  and  the 
two  latter  dolichocephalic. 

1.  Ligeriensis  is  found  to-day  from  the  mouth  of  the  Loire  to  that 
of  the  Gironde,  and  in  characteristics  this  race  resembles  primigenius. 

2.  Jurassicus  includes  trochoceros  of  Meyer  and  frontosus  of 
Nilsson.  Its  representatives  are  found  in  the  cattle  of  Berne  and 
Freiburg,  and  the  breeds  in  France  known  as  Bressane,  Comtoire, 
Femeline,  and  Charolais. 

3.  Bataincus  is  equivalent  to  longifrons  of  northern  Europe. 

4.  Alpinus  is  the  longifrons  of  Switzerland,  now  generally  known 
as  the  Brown  Swiss  breed.  What  Wilckens  calls  hrachycepTialus^ 
Sanson  would  probably  consider  a  cross  between  jurassicus  and 
hatavicus. 

Riitimeyer  (1862)  was  the  first  to  propose  a  classification  based 
essentially  upon  zoological  characteristics  alone,  but  would  include 
geographical,  historical,  and  geological  evidence.  It  may  be  called 
a  paleontological  classification.  His  system  has  been  followed  more 
or  less  closely  by  all  later  German  authors.    He  made  three  races. 

1.  The  primigenius  race,  which  included  Holland,  Friesland,  Olden- 
burg, Roman,  and  Podolian  breeds,  and  the  white  Park  cattle  of 
Great  Britain. 

2.  The  brachyceros  race,  which  included  the  Brown  Swiss  cattle 
of  Switzerland,  Uri  Wallis,  Oberbasle,  and  Graubiinden,  and  the 
cattle  of  Algeria. 

3.  The  frontosus  race,  which  included  the  spotted  cattle  of  Sim- 
menthal  and  Saanenthal  and  the  hornless  cattle  in  the  mountains  of 
Norway. 
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The  Freiburg  breed  he  considered  a  cross  between  the  last  two 
races. 

Werner  (1902)  and  Wilckens  make  four  groups,  primigeniitSj 
frontosw^  hrachyceroa  (longifrons)  ^  and  hrachycephaltis.  Miiller 
(1900)  adds  a  fifth  to  the  four  above  mentioned  and  caUs  it  the 
Highland  breed. 

Keller's  classification  (1902  and  1905)  is  as  follows: 

1.  Bos  primigeniusj  whose  home  is  in  Europe,  includes  the  English 
Park  cattle,  the  North  German,  Lowland,  Dutch,  Steppe,  Simmen- 
thaler,  and  Freiburg  spotted  breeds. 

2.  Bos  sondcdcus^  whose  original  home  was  in  Java,  includes  the 
Asiatic  and  African  zebu.  Old  Egyptian  Longhorn,  Algerian,  marsh 
cow  of  the  lake  dwellers,  Albanian,  Sardinian,  Spanish,  Polish, 
Channel  Islands,  Hornless  Fjell,  and  Brown  Swiss  breeds. 

Adametz  (1898)  recognizes  two  main  types  of  domesticated  cat- 
tle. From  the  first,  which  he  calls  Bos  taunts  primigenius^  and 
whose  ancestor  was  Bos  primigenius^  he  finds  four  races:  (1)  Steppe 
cattle;  (2)  primigenius  mountain  cattle,  as  the  breed  of  Auvergne; 
(3)  primigenius  lowland,  pure  as  in  Normandy,  less  pure  in  the  Hol- 
land, Oldenburg,  and  East  Friesland  red  breeds;  (4)  Swiss  spotted 
or  Alpine  breeds  with  a  broad  forehead  {frontosus). 

His  second  type  is  Bos  taunts  europeus^  with  Bos  hrachyceros 
{longifrons)  as  the  ancestor,  represented  in  five  modem  races.  The 
first  race  is  typical  of  the  ancestor,  and  is  represented  by  old  marsh 
cow,  the  Jersey,  Brittany,  Illyrian,  Albanian,  and  other  similar 
breeds.  The  second  race  is  polled ;  examples  are  found  in  Scotland, 
Sweden,  Lapland,  and  Eussia.  The  third  race  is  of  longifrons  type, 
though  having  become  somewhat  larger  through  care  and  a  favorable 
climate.  Brown  Swiss  is  a  typical  example.  The  fourth  race  is  rep- 
resented by  Tuxer  and  Zillerthaler,  which  are  pug-nosed  variations  of 
longifrons.  The  fifth  race,  Which  he  calls  pseudo-primigenius,  is  a 
result  of  crossing  other  types,  and  is  represented  by  Ayrshire,  West 
Highland,  and  English  Park  cattle. 

The  most  ambitious  attempt  to  classify  and  describe  all  varieties 
of  cattle  is  that  in  Werner's  "  Rinderzucht,"  to  which  the  reader  is 
referred  for  details,  it  being  too  long  to  be  given  here. 

Lydekker  (1904)  classifies  British  cattle  according  to  color,  mak- 
ing three  groups,  as  follows : 

1.  Pembroke  and  Park  cattle,  either  black  or  white ;  the  black  being 
descendants  of  forest-dwelling  animals,  and  the  white,  sports. 

2.  Spanish  and  Channel  Island  cattle,  that  vary  from  black  to 
fawn,  both  primitive  colors. 

3.  Shorthorn,  Devon,  Hereford,  in  which  black  is  lost  and  being 
the  most  marked  departure  from  the  primitive  types. 
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A  CLASSIFICATION  OF  BRITISH  CATTLE. 

McConnell  makes  three  types  of  cattle  in  the  British  Isles,  namely, 
longifrons^  pr^hmgenivs^  and  mixed : 


Sutherland. 

North  Highland. 

Kintail. 

Kyloe. 

Skye 

Galloway. 

Cnmberland. 


Cadzow. 

Chillingham. 

Chartley. 

Fife  (Falkland). 

Shorthorn. 

Teeswater. 

Holdemess. 


Bob   longifrons  type. 
Anglesea. 
Carnarvon. 
Cardigan 
Carmarthai. 
Pembroke 
Merinoneth. 
Brecon  Black. 

Bos  prinUffenius  type. 
Lincoln  Red. 
Lincoln  Dutch. 
Craven  Longhorn. 
Derby  Longhorn. 
Stafford  Longhorn. 
Suffolk  Dun, 
Hereford. 

Mixed  type. 
Ayrshire. 
Lothian. 
Ettrick. 

Yorkshire  Polled. 
Yorkshire  Middlehom. 
Norfolk  Homed. 
Red  Polled. 


Cornish  Black. 

Jersey. 

Guernsey. 

Aldemey. 

Irish  Moyle. 

Kerry. 


Sussex. 
Dorset 
Glamorgan. 
Castlemartin  Black. 
Castlemartin  White. 
Irish  Longhorn. 


Montgomeryshire- 

Smokyface 
Old  Gloucester. 
North  Devon. 
South  Devon. 
Irish  Middlehom. 


Shetland. 

Orkney. 

Banff. 

Aberdeen  Homed. 

Buchan  Humlie. 

Angus  Doddie. 

Forfar  Homed. 

Argyle^C  South  Highland ) .      Shropshire. 

In  our  opinion  the  Galloway,  Glamorgan,  Guernsey,  and  possibly 
others  should  be  classed  with  the  mixed  type. 

A  CLASSIFICATION  OF  FRENCH  BREEDS. 

The  following  is  a  classification  of  French  breeds  modified  from 
Werner : 

Boa  primigenius  germanicus  var.  flandricus. 

Flamande. 

Ardennaise  or  Meusienne. 

Wallone. 
Bos  primigenius  germanicus  var.  normannus, 

Normande. 
Bos  longifrons  alpestris  var.  flavus. 

Tarentaise. 
Bos  longifrons  ligeriensis  (Sanson). 

Parthenaise  (including  Poitevine,  Mantaise,  VendCe,  and  Marcholse). 
Bos  longifrons  vasconiensis. 

Gasconne. 

Bazadaise. 

D'Aure  (St  Giron  and  Ariegeoise). 
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Boa  frontosus  fronconicus, 

F6meline. 

Charolaise  (Nivemaise). 

De  Sans  (Du  M6zenc). 

De  Lourdes. 
Bos  hrctchycephalus  i8ol(mu8. 

Carmargue. 

B6amaise  (Basquaise,  D'Urt). 

Landaise. 
Bos  hrachycephalus  aquittmicus. 

Garonnalse. 

Agenaise. 

Limousine. 
Bos  hrachycephalus  celticus, 

Bretonne. 
Bos  hrachycephalus  alvemiensis, 

De  Salers  (Du  Cantal). 

Du  Puy  de  D6me. 

CLASSIFICATION  OF  BREEDS  IN  AMERICA. 

As  in  England,  the  breeds  of  cattle  in  America  are  usually  classi- 
fied according  to  their  uses  into  beef,  dairy,  and  dual-purpose  breeds. 
Hitherto,  no  attempt  has  been  made  to  classify  them  according 
to  their  ancestry,  but  by  following  Werner's  arrangement  of  types 
we  have  the  following  provisional  classification,  which  includes  the 
breeds  which  have  originated  in  America  as  well  as  those  which  have 
been  imported.  In  but  few  cases,  however,  are  they  true  to  the  types, 
because  of  much  intercrossing. 

1.  Bos  primigenius  gemumicus, 

Holstein-Frlesian. 

Dutcli  Belted. 

Yellow  Danish. 
Bos  primigenius  germanicus  var.  normannus. 

Normandy. 
Bos  primigenius  germanicus  var.  anglo-saxonicus. 

Shorthorn. 

PoUed  Durham. 

American  Holdemess. 

Red  Polled. 

2.  Bos  primigenius  scoticus. 

West  Highland. 

Galloway. 

Aberdeen- Angus. 

Ayrshire  (crossed  with  longifrons), 

3.  Bos  longifrons  alpestris  var.  hrumteus. 

Brown  Swiss. 

4.  Bos  longifrons  isolanus, 

Jersey. 

Polled  Jersey. 

Guernsey  (crossed  with  primigenius). 
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5.  Bo8  frontoaus  hurgundicua. 

Simmentbal. 

Mixed  breeds  from  Swed^i. 

6.  Boa  brachycephalus  ihericus. 

Texas. 
Guinea. 

7.  Bos  hrachycephalva  celticua. 

North  Wales. 

Kerry. 

Jamestown. 

Brittany. 

French-Canadian. 

8.  Bos  hrcLchyoephalus  licestriensis. 

Longhom. 

9.  Bos  hrachycepTialus  hritannicus. 

Hereford. 
Polled  Hereford. 
Kansan. 
Sussex. 
Devon. 
Polled  Devon. 

10.  Bos  indicus. 

Zebu. 

11.  Bos  hisonXf  Bos  primigenius  scoticus, 

Cattalo. 

This  arrangement  is  faulty  in  many  respects  and  can  not  be  ac- 
cepted as  it  now  stands.  The  longhom  breed  is  presumably  of  the 
primigenius  type,  with  possibly  some  mixture  of  longifrons  blood. 
The  Hereford,  Polled  Hereford,  and  Kansan  have  about  the  same 
origin  as  the  Normandy  breed.  Probably  the  Ayrshire,  West  High- 
land, and  Galloway  have  more  longifrons  blood  than  primigenius, 
while  the  Kerry  and  Brittany  are  more  like  longifrons  than  brachy- 
cephalus. 

BIBLIOGRAPHY. 

Many  thousands  of  articles  have  been  written  on  the  ancestry  of 
domesticated  cattle,  but  it  is  possible  to  insert  here  only  a  few  of  the 
more  important  articles  and  such  as  have  been  referred  to  in  the  pre- 
ceding pages.    A  more  extensive  bibliography  is  in  preparation. 

Adahetz,  L.  Untersuchungen  fiber  das  Rind  der  Wahlma-  (Watussi-)  StUmme. 
(Bos  Zebu  africanus  Watnssi.)  Journal  fQr  Landwirtschaft,  Jahrgang  42, 
pp.  137-155.    Berlin,  1894. 

Adametz,  L.  Studien  tiber  Bos  (brachyceros)  europaeus,  die  wilde  Stammform 
der  Brachyceros-Rassen  des  europftischen  Hausrindes.  Journal  fttr  Land- 
wlrtschaft,  Jahrgang  46,  pp.  269-320.    Berlin,  1898. 

Allen,  Grant.    Anglo-Saxon  Britain.    London,  1901. 

Abenandeb,  E.  D.  Studien  fiber  das  ungehomte  Rindvieh  im  ndrdlichen  Europa 
unter  besonderer  Beriicksichtigung  der  nordschwedischen  FJellrasse,  nebst 
Untersuchungen  fiber  die  Ursachen  der  Homlosigljeit  Berichte  aus  dem 
physiologischen  Laboratorium  und  der  Yersuchsanstalt  des  landwirth- 
schaftlichen  Instituts  der  Universit&t  HaUe,  Band  3,  Heft  13,  p.  17&  Drer 
den,  1898. 

Digitized  by  VjOOQIC 


284  27th  eepobt,  bureau  of  animal,  industry. 

AULD,  R.  C.  HomleBS  rnminantB.  American  Naturalist,  vol.  21,  pp.  730-746; 
886-902;  1070-1098.    PhUadelphia,  1887. 

AuLD,  K.  G.  The  segregations  of  polled  races  in  America.  American  Naturalist, 
vol.  23,  pp.  677-686.    Philadelphia,  1889. 

Bakkeb,  Dibk  L.  Stndicn  Uber  die  Gescbichte,  den  heutigen  Zustand  und  die 
Zulsunft  des  Rindes  und  seiner  Zucht  in  den  Niederlanden,  mit  besonderer 
kritischer  Berticksichtigung  der  Arbeitsweise  des  Niedlerl&ndischen  Rind- 
viehstammbuches.    138  pp.    Inaugural-Dissertation,  UniversitAt  Bern,  1909. 

BABAfi^SKi,  Anton.  Geschichte  der  Thierzucht  und  Thlermedicin  im  Alterthum. 
Wien.  1886. 

BabaI^ski,  Anton.  Die  vorgeschlchtlicbe  Zeit  im  Lichte  der  Hausthiercultur. 
296  pp.    Wien,  1896. 

Beltz,  R.  Bos  primigenius  im  MIttelalter.  Globus,  Band  73,  no.  7,  pp.  116-117. 
Braunschweig,  1898. 

Blyth,  Edwabd.  On  the  animal  inhabitants  of  ancient  Ireland.  Proceedings 
of  the  Royal  Irish  Academy,  vol.  8,  pp.  472-476.     Dublin,  1864. 

Bojanus,  Ludwig  H.  De  Uro  Nostrate  Eiusque  Sceleto  Ck>mmentatio.  Ver- 
haudlungen  der  Kaiserlichen  Leopoldlnisch-Carollnischeu  Akademie  der 
Naturforscher,  Band  13,  Abtheilung  2,  pp.  413-478.    Bonn,  1827. 

BouLE,  M.  Les  Grottes  de  Grimaldi.  Geologie  et  Palentologie.  Monaco,  1910, 
Vol.  1,  pt  3,  pp.  157-236. 

Bbehm,  a.  K    Die  Saugethiere.    Band  1-^.    Leipzig,  1876-1877. 

Cattle  and  daibt  fabmino.  United  States  Consular  Reports.  855  pp.  '368 
plates.    Washington,  1887. 

Cope,  E.  D.  The  Artiodactyla.  American  Naturalist,  vol.  22,  pp.  1079-1095; 
vol.  23,  pp.  111-136.     Philadelphia,  1888-1889. 

Co^E,  E.  D.  The  classification  and  phylogeny  of  the  Artiodactyla.  Proceedings 
of  the  American  Philosophical  Society,  vol.  24,  pp.  377-400.  Philadelphia, 
1887. 

Cobnevin,  Ch.  Note  sur  les  boeufs  d^couverts  dans  les  foullles  ex^ut^es  Rue- 
de  Trion  ft  Lyon-Fourvi6re,  1885.  Bulletin  de  la  Soci6t6  d'Anthropologie 
de  Lyon,  tome  4,  pp.  182-187.    Lyon,  1885. 

Dawkins,  William  Boyd.  On  the  fossil  British  oxen.  Part  1.  Bos  Urus, 
Cflesar.  Quarterly  Journal  of  the  Geological  Society  of  London.  Proceed- 
ings,   vol.  22,  pp.  391-402.    London,  1866. 

Dawkins,  William  Boyd,  and  Sanfoed  W.  Aishfobd.  British  Pleistocene 
Mammalia.    Parts  1-6.    London,  1866-1887. 

Dt^BST,  J.  Ulbich.  Animal  remains  from  the  excavations  at  Anau,  and  the 
horse  of  Anau  in  its  relation  to  the  races  of  domestic  horses.  Explorations 
in  Turkestan.  Expedition  of  1904.  vol.  2,  pp.  341-344.  Washington, 
1908. 

DttBST,  J.  Ulbich.  Die  Binder  von  Babylon,  Assyrien  und  Agypten  und  ihr 
Zusammenhang  mit  den  Rindem  der  alten  Welt  ...  94  pp.    Berlin,  1899. 

EWABT,  J.  C.  Hornless  cattle.  Live  Stock  Journal,  vol.  70,  pp.  599-600.  Lon- 
don, Dec.  3,  1909. 

EwABT,  J.  C.  On  skulls  of  oxen  from  the  Roman  military  station  at  Newstead, 
Melrose.  Proceedings  of  the  Zoological  Society  of  London,  1911,  part  2, 
pp.  249-282. 

Falconeb,  Hugh.  Descriptive  Catalogue  of  the  Fossil  Remains  of  Vertebra ta 
from  the  Sewalik  Hills,  the  Nerbudda,  Perim  Island,  etc.,  in  the  Museum 
of  the  Asiatic  Society  of  Bengal.    261  pp.    Calcutta,  1859. 

Falconeb,  Hugh.    Palseontological  Memoirs  and  Notes.    2  vols.    London,  1868. 

Fbaas,  E.  RSmische  Statuetten  von  Wisent  und  Ur.  Fundberichte  aus  Schwa- 
ben  (Wiirttembergischer  Anthropologischer  Verein),  Band  7,  p.  37.  Stutt- 
gart, 1899. 


Digitized  by  LjOOQ IC 


THE  ANCESTRY  OF  DOMESTICATED  CATTLE.  235 

Fbantzius,  A.  V.  Die  Urheimath  des  europ&ischen  Hausrlndes.  Archiy  fiir 
Anthropologie,  Band  10,  pp.  129-137.    Braunschweig,  1878. 

Gadow,  Hans.  The  Evolution  of  Horns  and  Antlers.  Proceedings  of  the  .  .  . 
Zoological  Society  of  London,  1902,  vol.  1  (Jan.-April),  pp.  206-222. 

Gesneb,  Conrad.  Historiae  Animallum  Lib.  I.  de  Quadru  pedibusviviparis. 
Tiguri,  1551. 

Gray,  J.  E.  Bos  brachyceros^  the  West-African  Buffalo,  and  the  Dwarf  Buf- 
falo of  Pennant.  Annals  and  Magazine  of  Natural  History  .  .  .  vol.  12 
(4th  series),  pp.  499-500.    London,  1873. 

Gray,  J.  E.  Descriptions  of  some  new  or  little  known  mammalia,  principally 
in  the  British  Museum  Ck)llection8.  Magazine  of  National  History,  vol.  1, 
new  series,  pp.  577-587.    London,  1837. 

Gregory,  William  K.  The  Orders  of  Mammals.  Bulletin  of  the  American  Mu- 
seum of  Natural  History,  vol.  27.    524  pp.    New  York,  1910. 

Griffith,  Edward.  Animal  Kingdom  ...  by  the  Baron  Cuvier,  with  addi- 
tional descriptions  .  .  .  vol.  4,  p.  416.    London,  1827. 

Hahn,  Eduard.  Die  Haustiere  und  ihre  Beziehungen  zur  Wirtschaft  des 
Menschen.    Eine  geographische  Studie.    581  pp.    Leipzig,  1896. 

Hartmann,  Robert.  Die  Hauss&ugethiere  der  NilllUider.  Annalen  der  Land- 
wirthschaft  in  den  Koniglich  Preussischen  Staaten,  Band  43,  pp.  281-310; 
Band  44,  pp.  7-38.    Berlin,  1864. 

Hartmann,  Robert.  Studien  zur  Geschichte  der  Hausthiere.  Zeitschrift  fttr 
Ethnologie  .  .  .  Band  1,  pp.  66,  232,  353.    Berlin,  1869. 

Hay,  Oliver  Perry.  Bibliography  and  catalogue  of  the  fossil  vertebrata  of 
North  America.  United  States  Geological  Survey,  Bulletin  179.  Washing- 
ton, 1902. 

Hengeveld,  G.  J.  Het  Rundvee,  zljne  verschlllende  soorten,  rassen  en  verede- 
ling.     Ed.  2,  vol.  1,  467  pp. ;  vol.  2,  519  pp.     Haarlem,  1865. 

Hengeveld,  G.  J.  [On  the  origin  of  the  "Holstein  Breed."]  Report  of  the 
Commissioner  of  Agriculture,  1874,  pp.  403-407.    Washington,  1875. 

Hbrberstein,  Siomund,  Freiherr  von.  Rerum  Moscoviticarum  Ck>mmentarii 
.  .  .    Basileae,  1549.     (Later  editions  were  given  different  titles.) 

Hilzheimer,  Max.  Wisent  und  Ur  im  K.  Naturalienkabinett  zu  Stuttgart. 
Jahreshefte  des  Verelns  fttr  vateriandlsche  Naturkunde  in  WUrttemberg, 
Jahrgang  65,  pp.  241-269.    Stuttgart,  1909. 

HuET,  J.  Les  Bovid6s.  Bulletin  Bimensuel  de  la  Sogi^t^  Nationale  d'Acclima- 
tatlon  de  France  (Revue  des  Sciences  Naturelles  Appliqu^es),  l-*"  semestre, 
ann^  38,  pp.  1 ;  334.    Paris,  1891. 

Hughes,  T.  McKekny.  The  Evolution  of  the  British  Breeds  of  Cattle.  Jour- 
nal of  the  Royal  Agricultural  Society  of  England,  vol.  5  (series  3),  pp. 
561-563.    London,  1894. 

Hughes.  T.  McKenny.  On  the  more  important  breeds  of  cattle  which  have 
been  recognised  in  the  British  Isles  in  successive  periods,  and  their  rela- 
tion to  other  archaeological  and  historical  discoveries.  Archaeologla  .  .  . 
vol.  5  (2d  series),  pp.  125-158.    London,  1896. 

Jarocki,  E.  p.  v.    Zubr  oder  der  lithauische  Auerochs.    Hamburg,  1830. 

Kaltenegger,  Ferd.  Die  geschichtliche  Entwickelung  der  Binder rnssen.  Ck)r- 
respondenz-Blatt  der  Dentschen  Gesellschaft  fiir  Anthropologie,  Ethnologie 
und  Urgeschichte,  Jahrgang  25,  no.  9,  p.  121 ;  no.  10,  p.  123.  Miinchen,  1894. 
Also  in:  Mittheilungen  der  Anthropologischen  Gesellschaft  in  Wioi,  Si- 
tzungsberlchte.  Band  24,  Number  4,  pp.  111-116.    Wien,  1894. 

Kaltenegger,  Ferd.  Iberisches  Homvieh  in  den  Tiroler  und  Schweizer  Alpen. 
Mittheilungen  der  Anthropologischen  Gesellschaft  in  Wien,  Band  14  (neue 
Folge,  Band  4),  pp.  129-141.    Wien,  1884. 


Digitized  by  LjOOQ IC 


236  27TH  REPORT,  BUREAU   OF  ANIMAL.  INDUSTRY. 

Kaltenbggeb,  Ferd.    Die  geschichtliche  Entwicklung  der  Rinderracen  in  den 

usterreichiscbeii  Alpenl&ndern.     Jahrbuch  fttr  Gsterreichische  Landwirthe. 

Prag,  1881. 
KALTEI7EG0EB,  Fred.     Die  5sterreichischen  Rinderracen.     Parts  1-6.     Vienna, 

1879-1899. 
Keller,  Ck)NRAD.    Die  Afrilcanisclien  Elemente  in  der  europHischen  Haustier- 

welt    Globus,  Band  72,  pp.  285-289.    Braunschweig,  November  6,  1897. 
Kelleb,  Conrad.    Die  Haustierwelt  Asiais.    Westermanns  lUustrierte  Deutsche 

Monatshefte  .  .  .     Jabrgang  43,   Band  86,   pp.   567-575.     Braunschweig, 

1899. 
Keller,  Conrad.    Die  Abstammung  der  &ltesten  Haustiere.     232  pp.     Zttrich, 

1902. 
Keller,  Conrad.    Naturgeschicbte  der  Haustiere.    304  pp.    Berlin,  1906. 
Keller,  Conrad.    Nochmalsie  Goldbecher  von  Vaphlo.    Globus,  voL  74,  pp.  81- 

82.     Braunschweig,  1898. 
KiTT,  Th.    Ueber  Kulturformen  von  Bos  brachyceros.     (Als  Beitrag  zur  nattlr- 

lichen    Geschichte   der   bayrischer   Rinderrassen.)      Landwirthschaftliche 

Jahrbttcher,  Band  13,  pp.  593-614.    Berlin,  1884. 
KoHLER,  E.  M.    Haustiere  der  Chinesen.    Der  Zoologische  Garten  .  .  .    Jahr- 

gang  41,  pp.  5;  33;  65.    Frankfurt  a.  M.,  1900. 
Kramer,  Hermann.    Die  Haustierfunde  von  Vindonissa  .  .  .    Revue  Suisse  de 

Zoologie,  tome  7,  pp.  143-272.    Geneve,  1899. 
Krafft,  Guido.    Thierzuchtlehre.    Berlin,  1900. 
Krause,  Ernst  H.  L.     Zur  Wttrdigung  der  alten  Abbildungen  europlUscher 

Wildrinder.    Globus,  Band  73,  no.  24,  pp.  389-390.    Braunschweig,  1898. 
liANOKAVEL,  G.    Die  Verbreituug  des  Hausrindes  in  Nordafrika  auser  Algerien. 

([auch]    in    SUdafrika.)      Zeitschrift   far   Wissenschaftliche   Geographie, 

Band  4,  pp.  16-28;  Band  5,  pp.  172-186.    Wien,  1883-4. 
De  Lapparent.    £tude  sur  les  races,  vari^t^s  et  croisem^its  de  Tesp^ce  bovine 

en  France.    Annales  Ministdre  de  TAgriculture  [France],  ann^e  21,  no.  1, 

pp.  177-243;  no.  2,  pp.  322-394.    Paris,  1902. 
Lortet  and  Gaillard,  C.    La  Faune  momifl^  de  TAncioine  £gypte.    Archives 

du  Museum  d*Histoire  Naturelle  de  Lyon,  tome  8,  m^moire  no.  2,  206  pp. 

Lyon,  1903. 
Lydekker,  Richard.    Crania  of  Ruminants  from  the  Indian  Tertiaries.     Me- 
moirs of  the  Geological  Survey  of  India.    Palaeontologia  Indica,  series  10, 

vol.  1,  pp.  88-181.    Calcutta,  1880. 
Ltdekker,  Richard.     [Fossil  Vertebrata  of  India.]     Records  of  the  Geological 

Survey  of  India,  vol  10,  p.  30;  vol.  16,  p.  61;  vol.  20,  p.  51.    Calcutta,  1877, 

1883,  1887. 
Lydekker,  Richard.    Wild  Oxen,  Sheep,  and  Goats  of  all  Lands,  Living  and 

Extinct    318  pp.    London,  1898. 
Lydekker,  Richard.    Colour  of  Cattle.    The  Field,  the  Farm,  the  Garden,  vol. 

104,  p.  181.    London,  July  23,  1904. 
McCoNNELL,  Primrose.     Elements  of  Agricultural  Geology     .     .     .     329  pp. 

London,  1902. 
Major,  C.  J.  Forsyth.    On  the  Mammalian  Fauna  of  the  Val  d'Amo.    Quar- 
terly Journal  of  the  Geological  Society  of  London,  vol.  41,  pp.  1-8.    Lon- 
don, 1885. 
Major,  C.  J.  Forsyth.    Note  on  a  Pliocene  Mammalian  Fauna  at  Olivola  in  the 

Upper  Val  di  Magra  (Prov.  Massa-Carrara),  Italy.     Geological  Magazine 

.    .    .    voL  7  (new  series,  decade  3),  pp.  305-308.    London,  1890. 
MiDDENDORFF,  A.  VON.    Ueber  die  Rindviehrasse  des  nSrdlichen  Russlands  und 

ihre  Veredlung.    Landwirthschaftliche  Jahrbttcher,  Band  17,  pp.  267-^27. 

Berlin,  1888. 


Digitized  by  LjOOQ IC 


THE  ANCESTBY  OP  DOMESTICATED  CATTLE.  237 

MoasEf  EusHA  W.     Some  early  history  concerning  the  Shorthorn  Breed  In 

New  England.    New  England  Fanner,  voL  87,  F^.  29,  p.  8.    Brattleboro, 

1908. 
MoBTiLLET,  Gabbul  de.    Orlglnes  de  la  Chasse,  de  la  P^che  et  de  TAgrlculture. 

Premiere  partle.    Paris,  1890. 
MtJiXEB,   RoBEBT.     Grundzttge  der   landwirtschaftllchen  Tlerprodoktlonslehre. 

439  pp.    Berlhi,  1900. 
MthiiER,  SoPHUs.     Nordlsche  Altertumsknnde  nach  B^nden  und  Denkmftlem 

ans  D&nemark  und  Schleswlg.     Translated  from  the  Danish  by  Otto  L. 

Jlriczek.    2  vols.    Strassburg,  1897-1898. 
Nathusius,  Hermann  y.    TJeber  Schftdelform  des  Rindes.    Landwirthschaftllche 

Jahrbllcher,  Band  4,  pp.  441-459.    Berlin,  1875. 
Nehbino,  a.    Die  Herberstain'schen  Abbildungen  des  TJr  und  des  Bison.     (Eln 

Beltrag  zur  Geschlchte  des  europHlschen  Urrindes.)     Landwirthschaftllche 

Jahrbttcher,  Band  25,  pp.  915-933.    Berlin,  189C. 
NMntiNO,  A.    Einlge  Bemerkungen  (Iber  Anton  Wleds  "Moscovla"  und  das 

zugeh5rlge  Urusblld.    Globus,  Band  71,  pp.  85-89.    Braunschweig,  January 

80,1897. 
Nehbing,  a.    Eilnlge  Bemerkungen  ilber  Anton  Wleds  "  Moscovla "  und  das 

Bugehdrige  Urusblld.    Globus,  Band  71,  pp.  85-89.    Braunschweig,  Jan.  30, 

1897. 
Nehbing,  A.     Eln  Gedlcht  (Iber  Ur  und  Bison  aus  dem  Jahre  1552.    Globus, 

Band  71,  pp.  242-243.    Braunschweig,  April  10,  1897. 
Nehbing,  A.    t}ber  den  Elnfluss  der  I>omestication  auf  die  Grdsse  der  Thlere, 

namentllch  ttber  GrOssenunterschlede  zwischen  wilden  und  zahmen  Grunz- 

ochsen   (Po^phagus  grunniens).    Sitzungs-Berlcht  der  Gesellschaft  natur- 

forschender  Freunde  zu  Berlhi,  pp.  133-145.    Berlhi,  1888. 
Nehbing,  A.    t^ber  Herberstaln  und  Hirsfogel  .  .  .    Berlin,  1897. 
NiLSSON.    On    the    extinct    and    existing    Bovine    Animals    of    Scandlnayia. 

Annals  and  Magazine  of  Natural  History  .  .  .  vol.  4  (series  2),  pp.  25^209. 

London,  1849. 
OsBOBN,  Henbt  F.    The  Age  of  Mammals  .  .  .    635  pp.    New  York,  1910. 
Owen,   Richard.    History  of  British   Fossil   Mammals  and  Blrd&    500  pp. 

London,  1846. 
Owen,  Richard.    Paleontology,  or  a  systematic  summary  of  extinct  animals 

and  their  geological  relations.    Edinburgh,  1860. 
Owen,  Richard.    Report  on  the  British  Fossil  Mammalia.    Report  of  the  13th 

meeting  of  the  British  Association  for  the  Advancemait  of  Science,  pp. 

208-241.    London,  1844. 
Pagenstecher.    Studien  zum  Ursprung  des  Rindes,  mlt  elner  Beschreibung  der 

fossllen  Rinderreste  des  Heidelberger  Museums.    Ftthl  lug's  landwirthschaft- 
llche Zeitung,  Jahrgang  27.    Berlin  und  Leipzig,  1878. 
Pallas,  P.  S.      De  ossibus  Siblrlae  fossillbus  cranlis  praesertlm  Rhlnocerotum 

atque   Buffalorum,   observationes.    Nov!    Commentarli   Academlae    Scloi- 

tlarum  Imperialis  Petropolitanae,  tome  13,  pp.  436-477.    Petropoll,  1769. 
Palmer,  T.  S.    Index  Generum  Mammalium :  a  list  of  the  genera  and  families 

of  mammals.    U.  S.  Department  of  Agriculture,  Biological  Survey.    North 

American  Fauna,  no.  23.    Washington,  1904. 
Pomel,  Auguste.    Catalogue  m^thodlque  et  descriptif  des  Vert^br^s  fosslles 

.  .  .    Paris,  1853. 
Pubch,  E.  G.    Die  Beurteilungslehre  des  Rindes.    388  p.    Berlin,  1896. 
PusoH,  G.     Neue  BeitrUge  zur  Erlftuterung  und   endllchen   Erledigung  der 

Str^tfrage  tiber  Tur  und  Zubr.     (Urus  und  Bison.)     Archiv  fttr  Natur- 

geechichte,  Jahrgang  6,  Band  1,  pp.  47-137.    Berlin,  1840. 


Digitized  by  LjOOQ IC 


238  27th  report,  bureau  of  animal,  industry. 

Rasmussen,  Fbedebik.  Cattle  breeders'  associations  in  Denmark.  U.  S.  De- 
partment of  Agriculture,  Bureau  of  Animal  Industry.  Bulletin  129.  40 
pp.    Washington,  1911. 

Reoel,  a.  Die  einheimischen  und  angebauten  Kulturpflanzen  des  oberen  Amu- 
daria.    Gartenflora,  Band  33,  p.  46.    Stuttgart,  1884. 

Rhoads,  Samuel  N.  Notes  on  Living  and  Extinct  Specie  of  North  American 
Bovidae.  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia, 
1897,  pp.  483-502.    Philadelphia,  1898. 

RiNOHOLz,  P.  O.  The  history  of  cattle  breeding  at  Einsiedeln.  Landwirt- 
schaftliche  Jahrbuch  de  Schweiz,  Jargang  22,  Heft  8,  pp.  413-508.  Bern, 
1908. 

RtJTiHEYEB,  L.  Die  Fauna  der  Pfahlbauten  in  der  Schweiz.  Neue  Denkschrif- 
ten  der  allgemeinen  Schweizerischen  Gesellschaft  fiir  die  gesammten  Natur- 
wissenschaften.    Band  19,  pp.  1-248.    Ziirich,  1862. 

RtJTiMEYEB,  L.  Die  Rinder  der  Tertiftr-Epoch  nebst  Vorstudium  zu  einer  natflr- 
lichen  Geschichte  der  Antilopen.  Abhandlungen  der  Schweizerische  Pa- 
laontologische  Gesellschaft    Ziirich,  1877-1878. 

RiJTiMEYEB,  L.  Versuch  einer  natttrlichen  Geschichte  des  Rindes  in  seiuen 
Beziehungen  zu  den  Wiederkauern  im  Allgemeinen.  pp.  102-175.  Ziirich, 
1867. 

Sanson,  A.  Determination  sp^ifique  des  ossements  fossiles  ou  anclens  de 
l)ovIdes.  Comptes  Rendiis  des  Stances  de  VAcad^mie  des  Sciences,  tome 
87,  pp.  756-759.     Paris,  July-December,  1878. 

Studeb,  THBOPniL.  Entwlckelnng  der  Hausthierzucht  bel  den  Pfahlbauem. 
Correspondenz-Blatt  der  deutschen  Gesellschaft  ftir  Anthropologic,  Eth- 
nologle  und  Urgeschichte,  Jahrgang  30,  pp.  172-174.  MUnchen,  November 
and  December,  1899.  Also  in:  Mittheilungen  der  Anthropologischen  Ge- 
sellschaft in  Wien,  Band  30  (neue  Folge,  Band  20),  pp.  106-108.  Wien, 
January,  1900. 

Studeb,  Theophil.  Die  Thierwelt  in  den  Pfahlbauten  des  Blelersees.  Mit- 
theilungen der  Naturforschenden  Gesellschaft  in  Bern,  1882.  Heft  2,  Num- 
mer  1042,  pp.  17-115.    Bern,  1883. 

Studeb,  Theophil.  Ueber  Saugethierreste  aus  glaclalen  Ablagerungen  des 
bemischen  Mittellandes.  Mittheilungen  der  Naturforschenden  Gesellschaft 
in  Bern,  1888,  pp.  60-70.    Bern,  1889. 

Sundbabg,  Gustav.  Sweden;  its  people  and  its  industry.  1141  pp.  Stock- 
holm, 1904. 

Swinhoe,  Robebt.  Catalogue  of  the  Mammals  of  China  (south  of  the  River 
Yangtsze)  and  of  the  Island  of  Formosa.  Proceedings  of  the  .  .  .  2k)0- 
logical  Society  of  London,  1870,  pp.  615-653. 

Thomas,  Philippe.  Recherches  stratigraphiques  et  pal^ontologiques  sur  quel- 
ques  formations  d'eau  douce  de  TAlg^rie.  M^moires  de  la  Soci(^t6  G^lo- 
glque  de  France,  tome  3  (s6rie  3),  2,  pp.  1-51.    Paris,  1884. 

Thomas,  Ph.  Recherches  sur  les  bovid^s  fossiles  de  TAlgfirie.  Bulletin  de  la 
Soci^te  Zoologique  de  France,  vol.  6,  pp.  92-136,  plate  3.    Paris,  1881. 

Tboltsch,  E.  von.  Die  Pfahlbauten  des  Bodenseegebietes.  255  pp.  Stuttgart, 
1902. 

Tbouessabt,  Edouabd  L.  Catalogus  Mammalium  tarn  Viventium  quam  Fos- 
sllium.  Nova  Editio  (Prima  completa).  Vols.  1-2.  1469  pp.  Berlin, 
1897-1899. 

Quinquennale  Supplementum.    929  pp.    Berlin,  1904-1905. 

Wagneb,  Andbeas.  Naturgeschichte  des  Rindes.  Brlangen,  1837.  (Abdruck 
aus:  Schreber's  Saugethiere,  Band  5.) 


Digitized  by  LjOOQ IC 


THE  ANCESTEY   OF  DOMESTICATED  CATTLE.  239 

Webneb,  Hugo.    Ein  Beitrag  zur  Geschichte  des  europStischen  Hausrindes.    48 

pp.    Berlin,  1892. 
Webneb,  Hugo.    Die  Geschichte  des  europ&ischen  Hausrindes  in  ihren  Beziehun- 

gen  zu  den  Volkern  Europas.    Deutsche  Landwirtschaftliche  Presse,  Jahr- 

gang  23,  pp.  516-517.    Berlin,  1896. 
Webneb,  Hugo.     Die  Rinderzucht  ...     645   pp.     136  plates.     Berlin,   1892. 

Second  edition,  1902. 
WiLOKENS,  Mabt.    Die  abSlndemden  Einflttsse  der  Kultur  auf  die  Form  des 

Rindersch&dels.    I^ndwirthschaftllche   Jahrbttcher,   Band   5,   pp.   651-653. 

Berlin,  1876. 
WiLCKENs,  Mabt.    Ueber  die  Sch^delknochen  des  Rindes  aus  dem  Pfahlbau  des 

Lalbacher  Moores.    Mittheilungen  der  Anthropologischen  Gesellschaft  in 

Wien,  Band  7,  1877.  pp.  165-175.     Wien,  1878.    Band  9,  1880. 
WiLCKENs,  Mabt.    Grundzlige  einer  Naturgeschichte  des  Hausrindes.    Vienna, 

1885. 
Wilson,  James.    The  EiVolution  of  British  cattle  and  the  fashioning  of  breeds. 

147  pp.    London,  1909. 
Wilson,  James.    The  Scandinavian  origin  of  the  hornless  cattle  of  the  British 

Isles.     Scientific  Proceedings  of  the  Royal  Dublin  Society,  vol.  12   (new 

series),  no.  15,  pp.  145-164.    Dublin,  1909. 
WoLLEMANN,  A.    Elu  domcstlzlrtes  Zwergrlnd  der  Prlmlgenlusrasse.    Corre- 

spondenz-Blatt  der  deutschen   Gesellschaft  fttr  Anthropologle,  Ethnologle 

und  Urgeschlchte,  Jahrgang  22,  pp.  50-51.    Mtinchen,  July,  1891. 
WooDWAKD,  Abthub  S.    Outllues  of  Vertebrate  Palaeontology  for  Students  of 

Zoology.    470  pp.    Cambridge,  England,  1898. 
Wbzesniowski,  August.     Studlen   zur   Geschichte  des   polnlschen  Tur    (Ur, 

Urus,  Bos  prlmlgenlus  Bojanus).    Zeltschrlft  ftir  wlssenschaftllche  Zoolo- 

gie,  Band  30,  pp.  49^-^555.    Leipzig,  1878. 
Yule,  Henry.    Travels  of  Marco  Polo  .  .  .    Edition  2.    2  vols.    London,  1875. 
ZiTTEL,  Kabl  A.     Handbuch  der  Palaeontologie.    1.  Abthellung,  Band  4,  Verte- 
bra ta  (Mammalia).    Mttnchen  und  Leipzig,  1891-1803. 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


STATE  AND  MUNICIPAL  MEAT  INSPECTION  AND 
MUNICIPAL  SLAUGHTERHOUSES. 

By  A.  D.  Melvin,  D.  V.  S., 
Chief  of  the  Bureau  of  Animal  Industry, 

It  is  estimated  that  a  little  more  than  one-half  of  the  total  meat 
supply  of  the  United  States  comes  under  the  inspection  of  the  Fed- 
eral Government.  Most  of  the  remainder  receives  no  inspection 
whatever,  while  a  portion  is  subjected  to  a  limited  inspection  by 
State  or  local  officers. 

The  principal  object  of  meat  inspection  is  to  protect  the  consumer 
from  diseased  or  otherwise  unwholesome  meat.  This  involves  not 
only  the  inspection  of  the  meat  for  the  detection  of  disease  or  other 
unwholesome  conditions  but  the  requirement  of  sanitary  conditions 
and  equipment  in  the  abattoirs  and  packing  houses  and  the  enforce- 
ment of  sanitary  methods  in  the  preparation,  curing,  and  handling 
of  the  meat.  To  meet  the  first  requirement  there  should  be  a  com- 
petent veterinary  inspection  of  the  carcass  at  the  time  of  slaughter, 
or,  in  case  inspection  at  the  time  of  slaughter  is  impracticable,  the  in- 
spection may  be  performed  later  if  certain  viscera  are  retained  with 
the  carcass.  Too  often  the  local  meat-inspection  service,  where  it 
exists  at  all,  does  not  provide  for  an  inspection  of  this  kind,  but  con- 
sists merely  in  the  inspection  of  the  meat  as  it  is  offered  for  sale  in 
the  markets,  with  sometimes  a  sanitary  supervision  of  the  markets. 
Although  such  inspection  has  some  value,  it  is  far  less  important  than 
the  veterinary  inspection  of  the  carcass  at  the  time  of  slaughter.  The 
average  consumer  is  able  to  determine  for  himself  whether  or  not 
meat  is  tainted  or  spoiled,  but  he  is  not  able  to  determine  for  himself 
whether  or  not  it  comes  from  an  animal  aflfected  with  a  contagious 
disease.  Neither  can  even  a  skilled  inspector  always  detect  disease 
in  meat  after  it  has  been  dressed  and  the  viscera  disposed  of.  The 
most  important  requirement  in  meat  inspection,  therefore,  is  to  pro- 
tect the  consumer  against  dangers  from  which  he  can  not  protect 
himself,  and  this  can  be  done  only  by  a  class  of  inspection  that  is  not 
often  provided  for  by  local  authorities. 

THE  NEED  FOR  LOCAL  INSPECTION. 

The  Federal  meat-inspection  system  depends  for  its  authority 
upon  what  is  known  as  the  interstate  and  foreign  commerce  clause  of 
the  Constitution  of  the  United  States,  and  this  inspection  is  there- 
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fore  limited  to  the  product  of  establishments  that  are  engaged  in  in- 
tei*state  or  foreign  commerce.  The  Federal  Government  is  powerless 
to  exercise  any  supervision  over  an  establishment  the  meat  of  which 
is  slaughtered,  prepared,  sold,  and  consumed  entirely  within  a  single 
State.  It  is  a  duty  which  the  State  or  the  municipality  owes  to  its 
citizens  to  install  and  maintain  a  system  of  meat  inspection  that  will 
afford  adequate  protection  against  diseased  and  unwholesome  meats, 
so  that  all  meat  sold  locally  which  has  not  passed  the  Federal  inspec- 
tion will  come  under  the  requirements  of  an  efficient  local  inspection 
system. 

Some  idea  of  the  necessity  for  this  local  inspection  may  be  ob- 
tained by  considering  the  extent  of  disease  among  live  stock  slaugh- 
tered for  food,  and  the  insanitary  conditions  under  which  much  of 
the  local  meat  supply  is  slaughtered  and  handled.  Recent  statistics 
of  the  Federal  inspection  show  that  nearly  2  per  cent  of  the  carcasses 
are  affected  with  some  disease  or  condition  making  it  necessary  to 
condemn  them  either  in  whole  or  in  part.  Of  these  condemnations 
nearly  87  per  cent  are  due  to  tuberculosis  alone.  We  find  that  about 
1  per  cent  of  the  cattle  and  over  2  per  cent  of  the  hogs  slaughtered 
under  Federal  inspection  are  affected  with  this  disease  to  a  greater 
or  less  extent.  The  establishments  under  Federal  inspection  draw  a 
large  proportion  of  their  cattle  from  the  ranges  and  feed  lots  of  the 
West,  where  tuberculosis  is  rare,  hence  the  percentage  of  this  dis- 
ease found  in  the  Federal  service  is  far  below  that  which  occurs  in 
animals  from  the  dairy  regions,  where  the  disease  is  much  more  prev- 
alent. It  is  estimated  that  at  least  10  per  cent  of  the  dairy  cows  in 
this  country  are  affected  with  tuberculosis,  and  it  is  a  well-known 
fact  that  dairy  stock  forms  a  much  larger  proportion  of  the  animals 
killed  at  the  small  local  slaughterhouses  than  at  the  large  establish- 
ments under  Federal  inspection.  One  effect  of  the  Federal  inspec- 
tion has  been  to  cause  the  owners  of  diseased  or  suspicious-looking 
animals  to  send  them  for  slaughter  to  an  uninspected  place  rather 
than  to  an  establishment  where  they  would  have  to  run  the  gantlet 
of  strict  inspection.  For  these  reasons  it  is  certain  that  the  percent- 
age of  disease  is  considerably  higher  among  animals  slaughtered  at 
the  small  local  places  than  among  those  slauglitered  under  Federal 
inspection. 

Uninspected  slaughterhouses  as  a  rule  have  many  features  that 
are  not  only  objectionable  but  dangerous  to  health.  The  smell  of 
the  country  slaughterhouse  is  proverbial,  and  the  conditions  at  some 
of  these  places  are  inexpressibly  foul  and  filthy.  They  are  usually 
located  in  some  out-of-the-way  place,  sometimes  outside  the  corpo- 
rate limits,  often  surrounded  by  stables  or  even  being  a  part  of  a 
building  which  is  also  used  as  a  stable,  barn,  or  for  some  such  pur- 
pose.    Sometimes  they  are  located  on  the  banks  of  small  streams  and 
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pollute  the  water.  Such  places  are  ofteA  the  means  of  spreading 
disease.  It  is  frequently  the  custom  to  feed  offal  to  hogs  or  to  throw 
it  where  dogs,  hogs,  and  rats  have  access  to  it.  By  this  means  tri- 
chinae, tapeworms,  and  other  animal  parasites  are  disseminated,  some 
of  which  are  dangerous  to  man.  Hog  cholera,  tuberculosis,  and 
other  contagious  diseases  may  also  be  spread  by  such  conditions. 
Usually  there  is  no  protection  to  the  meat  against  rats,  flies,  and 
other  insects  and  vermin,  and  this  condition  constitutes  a  dangerous 
source  of  contamination  and  infection. 

The  objectionable  conditions  are  not  confined  to  the  little  slaugh- 
terhouses in  small  communities.  Even  in  some  of  the  large  cities 
there  are  large  abattoirs  which  do  a  purely  local  business  and  at 
which  the  conditions  and  methods  are  exceedingly  insanitary  and 
where  a  very  poor  class  of  live  stock  is  slaughtered. 

PROBLEMS  OF  LOCAL  INSPECTION. 

In  planning  and  executing  State  or  municipal  inspection  much  can 
be  learned  from  the  methods  of  the  Federal  meat-inspection  service, 
although  local  inspection  in  small  communities  presents  certain  diffi- 
culties and  problems  not  found  in  the  Federal  service.  The  objects 
to  be  gained  and  the  principles  to  be  applied  are  the  same  in  each 
case,  but  the  different  conditions  sometimes  require  different  methods. 
The  Federal  inspection  has  been  in  operation  for  nearly  20  years, 
and  for  the  last  4  years  of  this  period  it  has  been  conducted  under 
the  new  law,  which  confers  authority  and  appropriates  funds  suffi- 
cient to  make  it  much  more  comprehensive  and  efficient  than  in  pre- 
vious years.  Most  of  the  establishments  under  Federal  inspection  are 
large  and  are  grouped  at  stock  centers,  although  there  are  quite  a 
number  of  smaller  isolated  establishments.  The  local  authorities 
must  often  deal  with  small,  scattered,  poorly  equipped,  and  very  in- 
sanitary slaughterhouses,  and  it  is  sometimes  out  of  the  question  to 
require  the  reconstruction  of  the  buildings  and  the  installation  of 
expensive  equipment  in  order  to  bring  about  a  proper  sanitary  con- 
dition. 

There  are  two  main  problems  in  an  efficient  system  of  local  meat 
inspection.  The  first  relates  to  the  location,  construction,  equip- 
ment, and  management  of  the  slaughterhouses,  and  the  second  to  the 
administration  of  the  inspection  service. 

A  MUNICIPAL  OR  CENTRAL  SLAUGHTERHOUSE. 

It  is  both  difficult  and  expensive  to  supervise  slaughtering  at  a 
number  of  small,  isolated  establishments,  each  killing  only  a  few 
head  of  animals  a  day,  or  perhaps  slaughtering  only  once  or  twice  or 
three  times  a  week.  It  is  therefore  desirable  to  concentrate  the 
slaughtering  for  each  community  into  one  place.    There  should  be  a 
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public  slaughterhouse  under  either  municipal  or  private  ownership, 
and  in  either  case  under  official  supervision.  Municipal  abattoirs 
are  quite  common  in  Europe  and  have  been  found  to  be  an  exceed- 
ingly satisfactory  method  of  enforcing  an  efficient  inspection,  but 
such  abattoirs  are  very  few  in  this  country.  Aside  from  facilitating 
inspection  and  making  it  more  economical,  central  abattoirs  aflford 
commercial  advantages.  They  provide  machinery,  facilities,  and 
equipment  such  as  are  found  in  the  large  packing  houses  and  which 
are  not  otherwise  available  to  the  small  butchers.  There  is  also 
economy  in  the  cost  of  operation  of  a  central  abattoir  as  compared 
with  the  cost  of  a  number  of  scattered  places,  and  there  is  an  oppor- 
tunity to  obtain  revenue  from  by-products  which  are  usually  wasted 
at  small  establishments. 

It  is  preferable  for  the  town  to  build  and  own  the  abattoir  and  to 
require  all  slaughtering  to  be  done  there,  except  where  conditions 
are  such  as  to  justify  private  plants  and  where  inspection  is  already 
in  effect  at  such  plants  or  can  readily  be  applied.  TlTiere  it  is  not 
practicable  for  the  mimicipality  to  own  and  operate  an  abattoir  the 
next  best  plan  is  to  have  a  central  public  abattoir  owned  and  operated 
by  private  enterprise,  and  in  that  case  the  plant  should  of  course  be 
under  an  official  inspection  system. 

The  expense  of  building  a  municipal  plant  could  very  well  be  met 
by  an  issue  of  bonds,  and  a  sinking  fund  for  the  payment  of  these 
bonds  could  be  created  by  setting  aside  a  portion  of  the  revenue. 
There  should  be  a  system  of  fees  or  charges  to  provide  an  income 
sufficient  to  pay  the  cost  of  operating  and  maintaining  the  abattoir 
and  the  cost  of  inspection,  and  to  meet  interest  and  provide  a  sinking 
fund  in  case  bonds  have  been  issued.  A  certain  sum  per  head  could 
be  charged  for  killing  in  case  the  entire  operations  were  carried  on 
by  the  management  of  the  abattoir,  or  the  butchers  could  be  per- 
mitted to  bring  their  stock  to  the  abattoir  and  do  the  work  there 
themselves  by  paying  a  certain  sum  per  head  for  this  privilege. 

Where  the  slaughtering  is  done  at  a  central  place  the  system  of 
inspection  used  in  the  Federal  service  can  very  easily  be  adopted,^ 
but  where  there  is  very  little  slaughtering,  and  this  is  done  at  differ- 
ent points,  it  is  a  difficult  problem  to  work  out  a  system  of  inspection 
that  will  be  efficient  and  not  too  expensive. 

THE  INSPECTION  FORCE  AND  SOME  FEATURES  OF  INSPECTION. 

It  is  very  desirable  to  have  the  inspection  done  by  veterinarians 
whenever  possible.  A  man  who  is  a  graduate  of  a  good  veterinary 
college  is  not  only  specially  trained  to  recognize  animal  diseases, 
but  also  has  a  good  knowledge  of  the  danger  of  such  diseases  to 

1  For  a  description  of  the  Federal  Inspection  syBtem  the  reader  is  referred  to  Bureau  of 
Animal  Industry  Circular  125  and  to  the  current  regulations. 
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human  health.  If  a  veterinarian  is  not  available  in  some  of  the  small 
villages  the  services  of  a  local  physician  might  be  obtained.  A  phy- 
sician without  special  veterinary  training  would  not  have  the  required 
knowledge  of  animal  diseases  and  would  not  be  able  to  recognize  such 
diseases  as  readily  as  a  veterinarian  would.  It  is  part  of  the  veteri- 
narian's special  education  not  only  to  know  about  animal  diseases, 
but  to  know,  so  far  as  science  has  determined,  whether  or  not  they 
are  communicable  to  human  beings,  and  to  know  when  diseases  and 
conditions  found  in  animals  are  likely  to  be  detrimental  to  the  health 
of  the  human  consumer  of  the  meat. 

Whenever  it  is  necessary  that  laymen  be  employed  to  carry  on 
inspection  either  by  themselves  or  as  assistants  to  veterinarians  or 
physicians,  they  should  have  received  special  instruction  in  meat  in- 
spection under  competent  instructors.  Where  a  layman  is  assigned 
to  inspect  in  some  remote  place  it  could  be  arranged  for  him  to  send 
specimens  of  all  doubtful  cases  to  the  chief  inspector  at  some  central 
point  where  they  could  receive  proper  examination,  the  carcass  being 
held  until  a  decision  is  reached. 

Perhaps  the  most  satisfactory  plan  of  compensating  the  inspectors 
is  for  the  State  or  the  municipality  to  pay  them  annual  salaries.  No 
inspector  should  under  any  circumstances  receive  his  pay  directly 
from  the  slaughterers,  for  reasons  that  are  obvious.  The  expense  of 
inspection  may  be  met  by  charging  fees,  but  these  fees  should  go  into 
the  State  or  municipal  treasury,  and  not  directly  from  the  meat 
dealer  or  slaughterer  to  the  inspector. 

Where  one  man  has  to  inspect  at  more  than  one  place  it  will  be 
necessary  to  arrange  the  times  and  days  of  slaughtering  so  that  he 
can  cover  all  places  satisfactorily.  A  schedule  could  be  arranged  by 
which  slaughtering  would  be  done  at  one  place  on  one  day,  at  another 
place  on  another  day,  and  so  on;  or  slaughtering  could  be  done  at 
one  place  in  the  morning  and  at  another  in  the  afternoon.  In  Ger- 
many there  are  inspectors  who  cover  several  towns  and  who  are 
known  as  ambulatory  inspectors.  It  might  also  be  permissible  under 
some  conditions  and  when  absolutely  necessary  to  permit  slaughtering 
in  the  absence  of  the  inspector,  provided  all  carcasses  and  viscera 
are  retained  for  his  examination  later.  If  the  inspector  can  not  be 
actually  present  at  the  time  of  slaughter  the  viscera  should  be  held, 
under  refrigeration  if  necessary,  until  he  can  pass  on  the  animal. 

Animals  killed  on  the  farm  and  brought  to  town  for  sale  present 
a  difficulty  which  may  be  met  fairly  well  by  requiring  that  they  must 
have  certain  viscera  attached  and  be  brought  to  a  certain  point  for 
inspection. 

In  the  writer's  opinion,  when  animals  are  found  affected  with  any 
disease  or  condition  which  renders  them  unfit  for  food  the  producer 
should  suffer  the  loss  rather  than  the  butcher,  just  as  is  the  custom  of 
the  trade  when  fruit  is  found  decayed  or  in  bad  condition  or  when 
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wheat  is  moldy  or  spoiled.  Even  with  the  most  expert  ante-mortem 
inspection  most  of  the  cases  of  tuberculosis  can  not  be  detected,  and 
usually  the  purchaser  of.  a  live  animal  is  unable  to  determine  until 
after  slaughter  whether  or  not  it  is  diseased.  The  fairest  way  is  for 
animals  to  be  bought  subject  to  their  condition  as  disclosed  at 
slaughter.  When  a  carcass  is  condemned  the  loss  should  fall  on  the 
man  who  raised  and  sold  the  diseased  animal.  The  presence  of  tuber- 
culosis in  cattle  or  hogs  is  usually  due  to  the  negligence  of  the  farmer 
who  raised  them,  and  as  long  as  he  can  sell  them  for  full  price  there 
is  no  great  incentive  for  him  to  get  rid  of  the  infection ;  but  as  soon 
as  he  begins  to  feel  the  financial  loss  he  will  find  it  to  his  advantage 
to  eradicate  the  disease.  On  the  other  hand,  the  man  who  raises 
healthy  stock  should  receive  full  price  and  should  not  have  to  share 
in  the  general  depreciation  of  prices  when  buyers  naturally  take  into 
consideration  the  fact  that  they  will  probably  sustain  some  loss  from 
disease. 

It  seems  to  me,  too,  that  at  least  a  portion  of  the  loss  on  account 
of  animals  condemned  in  the  meat  inspection  should  be  borne  by  the 
State  or  the  municipality.  The  condemnations  are  made  for  the  pro- 
tection of  the  public  health,  and  it  is  only  reasonable  that  a  part  of 
the  loss  should  be  paid  from  the  public  treasury.  The  State  of  Penn- 
sylvania has  a  law  providing  that  when  animals  killed  for  food  are 
found  to  be  affected  with  tuberculosis  and  condemned  the  owner  shall 
be  reimbursed  to  an  amount  not  exceeding  5  cents  a  pound  for  the 
dressed  meat,  or  $25  for  the  entire  carcass.  Under  this  law  the  State 
live-stock  sanitary  board  has  fixed  a  scale  of  rates  to  be  paid  in  such 
cases,  ranging  from  2  to  5  cents  a  pound  dressed  weight,  according 
to  the  class  and  condition  of  the  animal.  Under  this  system  the  loss 
is  divided  between  the  State  and  the  owner  of  the  animal. 

The  use  of  injurious  preservatives  should  be  prohibited,  as  is  done 
under  Federal  inspection.  The  Bureau  of  Animal  Industry  has 
found  from  examination  of  numerous  samples  that  the  use  of  pre- 
servatives which  are  prohibited  by  the  Federal  Government  in  food 
products  is  quite  general  among  local  dealers  and  others  who  are 
not  subjected  to  inspection. 

Meat  that  has  been  inspected  and  passed  may  be  marked  in  the 
same  way  as  in  the  Federal  service,  by  means  of  a  metal  stamp  and  a 
specially  prepared  purple  ink. 

If  a  system  of  local  inspection  is  to  provide  adequate  protection  to 
the  health  of  the  community  it  should  cover  absolutely  all  meat 
offered  for  public  sale  which  has  not  been  subjected  to  Federal  or 
other  competent  inspection.  All  places  of  slaughter  should  be  subject 
to  inspection  and  regulation  and  permitted  only  by  license.  If  any 
uninspected  meat  is  allowed  to  be  sold  or  if  any  slaughtering  places 
are  allowed  to  remain  uninspected  there  will  be  danger  to  the  health 
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of  the  community.  If  an  unscrupulous  man  wishes  to  dispose  of  dis- 
eased or  suspicious-looking  live  stock  he  will  take  it  to  the  place  that 
is  without  inspection.  If  one  man  is  allowed  to  maintain  an  unin- 
spected slaughterhouse  there  will  be  a  great  temptation  for  him  to 
buy  stock  that  would  not  pass  at  the  inspected  places,  and  thus  a 
single  exception  may  be  a  source  of  great  danger  to  the  health  of 
the  people. 

A  MUNICIPAL  SLAUGHTERHOUSE  AT  PARIS,  TEX. 

The  city  of  Paris,  Tex.,  in  1909  erected  a  municipal  abattoir  which 
is  said  to  be  the  first  such  plant  in  the  United  States.  The  abattoir 
is  located  about  1^  miles  from  the  city,  and  is  a  one-story  wooden 
fitructure  consisting  of  slaughtering  department,  chill  room,  cooler, 
tank  room  or  reduction  plant,  power  house,  dressing  room,  toilet 
room,  and  storage  room  for  fertilizer,  the  latter  being  located  about 
80  feet  from  the  main  building.  The  cost  of  this  plant  was  about 
$10,000. 

The  daily  capacity  of  the  abattoir  is  about  30  beeves.  The  number 
of  calves,  hogs,  and  sheep  that  could  be  handled  daily  would  probably 
be  slightly  in  excess  of  that  number.  The  slaughtering  room  is  about 
22  feet  square  with  cement  floor  and  painted  wooden  walls.  There 
are  three  sewer  drains  discharging  into  a  septic  tank  located  about 
50  feet  from  the  building.  All  slaughtering  operations  are  conducted 
in  this  room.  The  carcasses  are  hoisted  by  means  of  a  hand  windlass, 
which  is  a  rather  slow  method. 

The  chill  room  is  10  by  18  feet,  with  cement  floor,  three  walls 
plastered  with  cement  and  the  other  wall  of  wood.  A  temperature 
of  40°  F.  is  maintained,  and  all  carcasses  are  retained  in  this  room 
for  12  hours  before  being  removed  to  the  cooler. 

The  cooler  is  28  by  22  feet,  with  cement  floor,  cement  plastered 
walls,  and  sewer  connections.  Refrigeration  is  supplied  by  a  10-ton 
ammonia  plant. 

The  tank  room  or  reduction  plant  is  a  small  compartment  adjoin- 
ing the  slaughtering  department.  It  is  equipped  with  one  tank. 
The  offal  is  handled  by  means  of  a  windlass  and  rail.  The  rendered 
fat  is  sold  to  local  laimdries,  and  the  tankage  is  disposed  of  as  ferti- 
lizer.   The  sewage  from  this  room  is  piped  to  the  septic  tank. 

The  inspection  is  performed  by  a  veterinarian  who  receives  a  salary 
of  $1,200  a  year.  The  following  fees  are  charged  for  killing:  Cattle, 
$1.25  a  head ;  hogs,  sheep,  and  calves,  75  cents  each.  The  patron  re- 
ceives the  hide,  liver,  heart,  caul,  tail,  and  brain.  Carcasses  may 
be  held  in  the  cooler  for  5  days  and  delivered  to  butcher  shops  or 
markets  free  of  charge.  For  each  additional  day  a  charge  of  10 
cents  is  made. 
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According  to  the  mayor,  Hon.  E.  H.  McCuistion,  the  receipts  from 
the  operation  of  the  abattoir  for  the  first  6  months  averaged  $701 
a  month,  while  the  average  expenses  were  $562  a  month,  showing  an 
average  monthly  profit  of  $139.  The  receipts  from  the  plant  are  ex- 
pected to  pay  not  only  the  running  expenses  but  the  interest  on  the 
bonds  which  were  issued  to  raise  money  for  the  construction  of  the 
plant,  and  to  provide  a  sinking  fund  with  which  to  meet  the  bonds 
when  they  mature. 

Mayor  McCuistion  has  the  following  to  say  with  regard  to  the 
abattoir  and  the  circumstances  leading  up  to  the  undertaking: 

Almost  every  person  operating  meat  markets  ip  the  city  maintained  a  sepa- 
rate slaughterhouse  at  which  he  slaughtered  the  animals  sold  at  his  marl^et. 
The  structures  were  rough  plank ;  the  location  was  usually  in  some  thicket  or 
in  a  swamp,  and  immediately  surrounding  each  of  the  houses  hogs  were  kept 
for  the  purpose  of  destroying  the  offal  and  waste  from  slaughtered  animals. 
These  pens  being  removed  from  the  city  the  only  water  used  was  ordinarily 
from  a  pool  on  the  premises  or  a  shallow  well.  In  either  case  it  was  about  as 
filthy  as  it  could  be.  During  the  summer  season  flies  were  about  the  premises 
In  untold  millions,  and  as  soon  as  the  animals  were  slaughtered  they  would 
rise  up  from  the  dump  heaps  and  cover  the  carcasses.  The  odor  naturally,  of 
course,  was  terrific,  and  indeed  the  whole  surroundings  were  such  that  it  ap- 
peared to  us  that  meat  slaughtered  imder  such  conditions  was  not  at  all  fit 
for  food. 

We  tried  for  two  years  to  induce  the  butchers  to  form  a  stock  company  and 
build  an  abattoir  and  reduction  plant,  operate  it  themselves,  allowing  the  city 
to  furnish  an  inspector  only;  but  on  account  of  jealousy  and  business  rivalry 
this  could  not  be  done.    The  city  then  decided  to  undertake  the  work. 

It  is  the  purpose  of  the  city  to  operate  the  plant  without  a  profit.  We  have 
made  charges  which  are  supposed  to  cover  the  items  of  operation,  insurance, 
interest  and  sinking  fund  for  bonds,  and  allow  10  per  cent  for  repairs.  The 
total  operating  expense  is  about  $400  per  month,  outside  of  fuel.  The  insi)ector 
who  inspects  at  the  abattoir  is  also  the  inspector  of  markets,  grocery  stores, 
confectioneries,  dairy  herds,  and  dairy  products,  and  the  fees  for  all  these 
inspections  are  turned  into  the  abattoir  fund,  and  in  that  way  aid  in  keeping 
not  only  the  prices  of  slaughter  and  cold  storage  down  to  the  minimum,  but 
also  aid  in  keeping  all  inspection  fees  down  to  the  point  where  they  are  not  a 
burden  in  any  portion  of  our  sanitary  field. 

Our  plan  is  that  all  animals  slaughtered  for  the  local  markets  shall  be 
brought  to  the  municipal  plant,  and  there  undergo  first  a  live  inspection  by  a 
thoroughly  competent  Inspector,  after  which  they  are  slaughtered  and  then 
undergo  the  dead  inspection.  The  rules  governing  the  inspection  are  the 
same  as  observed  by  inspectors  of  the  National  Government  in  the  packing 
plants  of  the  country. 

A  PUBLIC  SLAUGHTERHOUSE  AT  NASHVILLE,  TENN. 

In  Nashville,  Tenn.,  there  is  a  public  slaughterhouse  owned  by  a 
corporation,  the  stock  in  which  is  held  by  a  number  of  local  meat 
dealers.  This  is  a  well-constructed  brick  building  costing  about 
$75,000.  The  plant  has  a  daily  capacity  of  100  cattle,  300  hogs,  and 
100  sheep.    The  inspections  are  made  by  a  veterinarian  in  the  employ 
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of  the  city  board  of  health.  The  charges  for  slaughtering  are  75 
cents  a  head  for  cattle,  25  cents  for  calves,  and  15  cents  for  sheep 
and  hogs.  The  association  pays  the  owners  of  the  animals  for  the 
hides,  tallow,  grease,  and  oflPal,  these  products  being  sold  each  month 
to  the  highest  bidder.  The  city  laws  of  Nashville  require  that  all 
fresh  meats  sold  in  the  city  shall  be  from  either  city  or  Government 
inspected  carcasses. 

PLAN  AND  SPECIFICATIONS  FOR  A  CENTRAL  ABATTOIR. 

I  have  had  prepared  by  Mr.  G.  H.  Parks,  architect  in  the  Bureau 
of  Animal  Industry,  the  accompanying  plans,  specifications,  and  esti- 
mates for  a  central  abattoir  of  capacity  sufficient  for  a  small  city  of 
about  20,000  population.  (See  Figs.  17,  18,  and  19.)  Such  a  plant 
would  cost  from  $12,500  up,  according  to  capacity. 

One  building  would  comprise  the  slaughterhouse,  containing  the 
killing  room,  the  cattle-dressing  room,  and  the  gut-handling  space, 
divided  as  follows :  Killing  room,  14  feet  by  15  feet  6  inches ;  cattle- 
dressing  room  and  gut-handling  space,  18  feet  by  54  feet ;  all  dimen- 
sions inside.  Cost,  frame  construction,  cement  floors,  walls  cement 
lined,  and  ceiled  roof,  about  $2,500. 

A  cooler  building  32  by  48  by  20  feet  inside,  with  concrete  or  stone 
foundation,  wood  walls  and  ceiling,  composition  roof,  concrete  floor, 
and  cork  insulated  walls  and  floor,  would  cost  about  $3,000,  and  the 
machinery  for  the  same,  including  refrigerating  plant,  would  cost 
installed  about  $5,000. 

The  tank  or  rendering  building  should  be  so  built  that  it  will  not  be 
connected  with  the  abattoir,  and  it  can  contain  the  steam  plant.  The 
rendering  tank  will  require  a  floor  space  of  about  5  by  10  feet.  A 
building  16  by  24  feet,  14  feet  high,  will  accommodate  the  steam 
plant  and  the  rendering  tank.  A  building  of  frame  construction 
would  cost  about  $500,  and  the  steam  plant  and  rendering  tank  can 
be  installed  for  $2,500. 

In  this  power  house  should  be  installed  a  dynamo  to  generate 
electricity  for  power  to  drive  the  motors  on  the  cattle  hoists,  the 
motor  for  running  the  refrigerating  machine  located  in  the  basement 
of  the  abattoir,  and  the  electric  lights  and  fans. 

The  slaughterhouse  is  constructed  with  two  killing  beds  and  has 
a  maximum  capacity  of  150  cattle  a  day  of  10  hours,  but  the  cooler 
building  has  a  daily  capacity  of  only  10  cattle,  12  sheep,  and  4  calves, 
on  a  basis  of  holding  the  carcasses  5  days.  If  hogs  are  to  be  killed 
another  slaughter  room  18  by  34  feet  with  a  wing  10  by  15  feet,  all 
inside  dimensions,  should  be  constructed,  and  additional  cooler  space 
provided,  which  would  require  an  additional  outlay  of  about  $9,000 
for  a  capacity  of  22  hogs  a  day.  This  would  bring  the  total  cost  of 
the  plant  up  to  $22,500.  Concrete  construction  throughout  would 
cost  about  50  per  cent  more  than  frame  construction. 
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If  the  meat  is  kept  in  the  cooler  for  a  greater  period  than  5  days 
the  capacity  of  the  plant  would  have  to  be  correspondingly  increased. 

A  tank  for  the  rendering  of  oflPal  is  an  important  feature,  not  only 
because  it  affords  a  safe  method  of  disposing  of  this  material,  but 
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Fia.  20. — Plan  for  septic  tank,  600  gallons  capacity. 

also  because  it  can  be  made  to  yield  a  considerable  revenue  from 
what  would  otherwise  be  waste  products.  The  amount  of  oJBFal  from 
the  slaughter  of  10  cattle,  12  sheep,  and  4  calves  would  be  about  950 
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pounds  green  weight.  If  the  killing  were  done  once  in  3  days  the 
amount  of  offal  would  be  about  2,850  pounds.  When  rendered  into 
tallow  and  fertilizer  this  material  would  have  a  market  value  of 
about  $24,  which  would  amount  to  about  $2,400  a  year  realized  from 
the  tankage.  The  cost  of  installing  the  rendering  tank  would  be 
about  $2,400.  It  is  not  likely  that  any  extra  labor  would  have  to  be 
employed  to  look  after  the  tank.  The  cost  of  operation  of  the  tank, 
including  power,  interest  on  investment,  depreciation  of  the  plant 
and  fixed  charges,  such  as  insurance  and  oiEce  expenses,  would  be 
about  $615  a  year.  The  profit  from  disposing  of  the  offal  in  this 
way  is  therefore  estimated  at  $1,785  a  year,  which  would  make  the 
installation  of  a  rendering  tank  an  exceedingly  profitable  investment. 

If  a  rendering  tank  is  not  installed  the  offal  should  be  put  into 
closed  metal  containers  and  removed  from  the  premises  after  each 
day's  killing. 

When  a  municipal  sewer  is  provided,  the  sewage,  except  from  the 
toilet,  should  be  run  into  a  concrete  catch  basin  and  from  the  basin 
to  the  city  sewer.  Sewage  from  the  toilet  should  go  directly  to  the 
city  sewer  without  first  passing  through  the  catch  basin.  The  catch 
basin  is  constructed  as  a  long,  narrow  trough  having  partitions  or 
weirs  at  right  angles  to  its  sides.  The  weirs  retain  most  of  the  grease 
that  is  contained  in  the  sewage.  The  grease  can  be  skimmed  off  arid 
put  into  the  rendering  tank.  The  catch  basin  should  be  located  out- 
side the  abattoir  and  in  such  position  that  the  odors  will  not  per- 
meate the  abattoir,  and  should  be  provided  with  a  tight  cover. 

When  no  municipal  sewer  is  available  the  sewage  from  the  catch 
basin  and  from  the  toilet  should  be  run  to  a  septic  tank.  The  septic 
tank  is  made  in  a  similar  manner  to  the  catch  basin,  but  is  so  ar- 
ranged that  it  contains  two  or  three  chambers  into  which  the  light 
and  air  are  not  allowed  to  enter.  In  these  dark  chambers  the  solid 
matter  is  decomposed  and  converted  into  liquid;  the  liquid  is  then 
conveyed  over  a  bed  of  sand  or  carried  away  through  agricultural 
tile  and  distributed.  The  chambers  or  compartments  should  be  large 
enough  to  hold  at  least  two  days'  supply  of  the  sewage.  If  the 
sewage  is  to  be  carried  over  a  filter  or  sand  bed,  the  second  compart- 
ment should  be  so  contrived  that  the  sewage  will  be  syphoned  inter- 
mittently. Sewer  pipe  to  the  septic  tank  should  have  a  fall  of  1  foot 
in  40  feet  and  be  below  the  frost  line.  The  tank  should  be  5  feet 
below  the  inlet    A  plan  for  a  septic  tank  is  shown  in  figure  20. 

LOCAL  INSPECTION  WITHOUT  CENTRAL  ABATTOIR. 

In  communities  where  a  public  or  central  abattoir  is  impracticable 
the  inspection  authorities  should  exercise  close  supervision  over  the 
private  slaughterhouses  and  enforce  sanitation  so  far  as  possible 
under  the  circumstances. 
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Certain  features  necessary  in  the  production  of  wholesome  meat 
are  usually  lacking  at  local  abattoirs,  as,  for  example,  sewerage  and 
a  good  supply  of  pure  water,  both  hot  and  cold. 

Perhaps  the  most  difficult  problem  in  a  small  slaughterhouse  is 
the  disposal  of  the  oflPal.  This  material  should  not  be  allowed  to  be 
fed  to  hogs,  and  should  be  disposed  of  in  some  way  sp  that  hogs, 
dogs,  and  other  animals  can  not  have  access  to  it.  When  practicable 
a  rendering  tank  should  be  provided  for  the  offal  and  for  such  meat 
or  product  as  may  be  condemned,  and  there  should  be  facilities  for 
applying  steam  to  this  tank.  This  equipment,  however,  would  be  too 
expensive  for  many  small  places,  and  some  other  method  of  dispos- 
ing of  offal  must  be  found. 

When  a  rendering  tank  is  not  practicable  it  would  be  well  to  have 
a  septic  tank,  as  already  described.  If  this  can  not  be  done,  the  con- 
tents of  the  stomach  and  intestines  might  be  removed  and  hauled 
away  and  spread  on  the  ground,  where  they  would  have  some  fer- 
tilizing value.  The  other  offal  in  the  form  of  tissue,  as  well  as  heads, 
feet,  etc.,  might  be  rendered  in  a  kettle,  the  grease  utilized,  the  bones 
collected  at  intervals  and  sold  if  practicable,  and  the  residue  used  as 
fertilizer.  It  is  much  better  to  render  such  material  than  to  throw 
it  on  the  ground  and  allow  it  to  decompose. 

In  a  local  system  of  inspection  where  no  tanking  facilities  are 
provided  there  should  be  some  simple  way  of  treating  condemned 
meat  so  it  can  not  be  sold  for  food.  Perhaps  the  best  and  simplest 
way  is  to  put  kerosene  on  it. 

BUREAU  WILL  FURNISH  PLANS  AND  INFORMATION. 

In  carrying  out  local  inspection  the  principles  and  rules  laid  down 
in  the  Federal  regulations  should  be  followed  so  far  as  possible. 
The  Bureau  of  Animal  Industry  will  be  glad  to  furnish  copies  of  its 
regulations  and  any  other  information  or  advice  in  its  power  to  State 
or  municipal  officers  who  are  interested  in  establishing  local  inspec- 
tion. The  bureau  will  also  be  glad  to  furnish  plans  and  specifications 
and  such  other  information  as  it  can  give  with  regard  to  the  design- 
ing, construction,  equipment,  and  operation  of  public  abattoirs. 
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PROGRESS  AND  PROSPECTS  OF  TICK  ERADICATION, 

By  Ckx)PEB  CuBTiCE,  D.  V.  S.,  M.  D., 
Veterinary  Inspector,  Inspection  Division. 

The  southern  portion  of  the  United  States  has  long  been  afflicted 
by  the  presence  of  the  cattle  tick  Margaropus  annulaius.  These  ticks 
spread  the  infection  of  the  disease  known  as  Texas  fever  of  cattle  and 
often  infest  cattle  so  numerously  as  to  stunt  their  growth  and  seri- 
ously aflPect  their  condition.  Their  presence  necessitates  a  quaran- 
tine under  which  cattle  from  the  infected  regions  may  be  shipped  to 
other  purts  of  the  country  only  under  certain  restrictions  and  for 
immediate  slaughter.  The  ticks  also  largely  prevent  the  introduc- 
tion and  breeding  of  fine  stock.  The  damage  and  losses  caused  by 
these  parasites  are  enormous,  being  estimated  at  from  $40,000,000  to 
$200,000,000  a  year. 

Systematic  cooperative  work  by  the  Federal  Government  and  the 
affected  States  for  the  eradication  of  these  ticks  has  now  been  in 
progress  nearly  five  years,  and  it  is  opportune  to  pause  and  look  over 
the  field  to  ascertain  what  has  been  accomplished,  what  obstacles  have 
been  encountered,  and  what  may  be  done  to  assist  in  the  further  prose- 
cution of  the  work. 

THE  BEGINNING  OF  TICK  ERADICATION. 

At  a  meeting  of  the  commissioners  of  agriculture  of  the  cotton- 
growing  States  held  in  Raleigh,  N.  C.,  in  1899,  the  Hon.  S.  L.  Patter- 
son, commissioner  of  agriculture  of  North  Carolina,  directed  the 
writer  to  present  the  aim  of  that  department  in  improving  the  cattle 
industry  by  tick  eradication.  From  this  beginning  until  1906 
12  counties  in  that  State  had  been  released  from  quarantine  and  15 
mountain  counties  had  been  permanently  protected  from  the  hitherto 
perennial  threat  of  a  Federal  cattle  quarantine.  The  commission- 
ers' association  and  various  allied  organizations,  influenced  by  the 
eradication  work  of  North  Carolina  and  the  results  obtained  by  Fed- 
eral, State,  and  other  investigators,  together  with  the  growing  neces- 
sity of  ameliorating  the  effects  of  the  boll- weevil  invasion,  prevailed 
upon  the  United  States  Congress  to  make  an  appropriation  in  1906  to 
empower  the  United  States  Secretary  of  Agriculture  to  inaugurate 
a  plan  of  cooperation  with  the  authorities  of  Southern  States  in  the 
eradication  of  the  cattle  tick.  The  Federal  appropriation  for  the  fis- 
cal year  ended  June  30,  1907,  was  $82,500,  and  for  1908,  $150,000. 
Annually  since  then  $250,000,  a  sum  sufficient  to  meet  the  advances  of 
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those  States  interested  in  the  work,  has  been  appropriated.  It  is 
probable  that  succeeding  Congresses  will  continue  to  meet  the  de- 
mand for  future  cooperation  in  the  degree  that  States  show  real  inter- 
est and  actively  engage  in  tick  eradication. 

In  1906  there  were  15  States  more  or  less  infested  with  cattle  ticks. 
These  contained  929  counties  that  were  quarantined  to  prevent  the 
cattle  from  carrying  the  ticks  into  uninfected  territory.  While  pre- 
paring to  cooperate  with  the  Southern  States,  the  Chief  of  the  Bureau 
of  Animal  Industry,  to  whom  the  Federal  work  had  been  assigned, 
ascertained  that  but  7  States  had  laws  which  would  enable  the 
bureau  to  cooperate  with  them.  Work  was  begun  is  these,  viz :  Vir- 
ginia, North  Carolina,  Georgia,  Kentucky,  Tennessee,  Oklahoma,  and 
California.  Since  then  other  States  have  enacted  laws  and  under- 
taken cooperation,  notably  South  Carolina,  Alabama,  Mississippi,  and 
Arkansas. 

RESULTS  OF  FIVE  YEARS'  WORK. 

The  results  of  the  cooperative  work  for  the  eradication  of  ticks 
from  July  1,  1906,  to  April  1,  1911,  are  as  follows: 

In  Virginia  there  still  remain  infected  6  counties  and  parts  of  2 
counties,  while  24  have  been  released  from  quarantine. 

In  North  Carolina  30  counties  have  been  cleaned,  out  of  72  in- 
fected in  1906.  There  are  8  of  its  42  infected  counties  now  cooper- 
ating. Twelve  infected  and  quarantined  counties  were  released  on 
account  of  being  disinfected  of  ticks  by  State  action  between  1900 
and  1906.  Ticks  have  been  cleaned  from  42  counties  in  North  Caro- 
lina. 

In  South  Carolina  4  counties  out  of  42  infected  in  1906  have  been 
released.    There  are  8  others  nearly  clean. 

In  Georgia  3  out  of  144  counties  infected  in  1906  have  been  re- 
leased.   Three  mountain  counties  had  previously  been  disinfected. 

Kentucky  has  been  completed.  In  1906  there  were  2  infected 
counties  and  small  areas  in  2  contiguous  counties. 

In  Tennessee  26  counties  and  parts  of  8  counties  have  been  re- 
leased, and  7  counties  and  parts  of  5  counties  remain  in  quarantine. 
Six  counties  are  now  cooperating. 

Alabama  has  cooperated  in  7  out  of  the  67  infected  counties. 

In  Mississippi  3  counties  and  four-fifths  of  the  area  of  2  others 
have  been  released,  out  of  78  infected  in  1908.  There  are  17  counties 
now  cooperating. 

In  Arkansas  10  out  of  75  counties  have  been  released  since  1907. 
Work  is  going  on  in  9  others. 

Louisiana  has  cooperated  in  2  out  of  its  60  counties.  These  2  are 
nearly  clean. 

In  Oklahoma  7  counties  and  parts  of  several  others  have  been 
released.    There  were  59  originally  infected. 
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In  Texas  7  whole  counties  and  parts  of  5  other  counties  out  of  190 
infected  counties  have  been  released. 

California  has  but  3^  of  the  15  originally  infected  counties  remain- 
ing, and  these  are  nearly  completed.  . 

Missouri  has  4  counties  or  parts  of  counties  under  quarantine. 

Florida  is  doing  no  work  in  tick  eradication. 

Summary :  There  have  been  freed  of  ticks  and  released  from  quar- 
antine 127  counties  and  parts  of  20  counties  out  of  929  originally 
infected ;  90  are  in  varying  degrees  of  disinfection.  Over  one-seventh 
of  the  coimties  have  been  cleaned,  and  over  one-fifth  of  all  the  origi- 
nally infected  counties  have  been  worked  in.  About  one-tenth  of  the 
counties  now  infected  are  being  worked  in  and  are  partially  clean. 

Counties  have  been  adopted  as  the  unit  of  area  in  the  statement 
of  results  just  presented,  rather  than  square  miles  or  numbers  of 
head  of  cattle,  for  it  is  with  the  county  authorities  and  areas  that 
both  State  and  Federal  authorities  are  compelled  to  deal.  The  areas 
of  counties  vary  widely  in  different  States  and  in  the  same  State,  yet 
the  unit  is  a  convenient  one  and  gives  a  better  idea  of  progress  than 
any  estimate  of  cattle  or  square  miles  released.  When  cost  is  to  be 
considered,  both  of  the  latter  must  also  be  taken  into  account  to  ob- 
tain a  comprehensive  view  of  the  eradication. 

The  progress  of  tick  eradication  in  various  States  since  1906, 
shown  both  by  counties  and  by  spuare  miles,  is  given  in  the  follow- 
ing table  and  also  by  the  accompanying  map  (fig.  21).  A  compari- 
son of  the  completed  area  (139,821  square  miles)  with  the  original 
area  (741,515  square  miles)  shows  that  one-fifth  of  the  mileage  area 
has  been  completed.  The  vast  size  of  the  desert  counties  in  southern 
California  now  released  accounts  for  much  of  the  difference  between 
the  one-seventh  of  the  counties  and  one-fifth  of  all  area  as  shown 
by  square  miles. 

Progrens  of  tick  eradication. 


State. 


Alabama , 

Arkansas 

Califomia , 

Florida 

Georgia 

Kentucky 

Louisiana 

Mississippi. 

Missouri 

North  Carolina, 

Okiahoma 

South  Carolina, 

Tennessee 

Texas 

Vteglnia 

Total.... 


Counties 
Infected 


67 
75 
15 
47 

144 
2 

60 
78 
4 
72 
69 
42 
42 

190 
32 


929 


Counties  in- 
fected Apr.  1, 
1911. 


Whole.    Parts. 


67 
65 

3 
47 
141 

0 
60 
73 

4 
42 
S2 
38 

8 
178 

6 


14 


Counties  re- 
leased up  to 
Apr.  1, 1911. 


Whole.    Parts. 


127 


20 


Counties 
in  which 
eradica- 
tion is  in 
progress. 


Square 
miles  re- 
leased u] 

1911.* 


to  A] 


lup 

•r.  1, 


90 


0 

7,220 

67,977 

0 

815 

841 

0 

2,032 

0 

13,993 

7,890 

2,673 

11,989 

13,311 

11,080 


139,821 


Square 
miles  in- 
fected 
Apr.  1, 
1911. 


51,540 
45,825 
11,947 
54,240 
67,328 
0 
45,420 
44.308 

1,595 
23.372 
40,000 
27,497 
17,210 
178,574 

2,838 


601,694 


8693**— 11- 
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SOME  OBSTACLES  TO  PROGRESS. 

Ignorance  has  been  a  great  obstacle  at  all  stages.  While  leaders 
in  communities  are  informed  concerning  the  benefits  of  eradicating 
the  ticks,  they  are  in  the  minority,  and  educational  processes  must 
still  go  on.  The  opposition  is  fortified  with  certain  attendant  draw- 
backs which  are  sometimes  pointed  out,  and  by  a  vast  amount  of  mis- 
information which  must  be  corrected.  At  the  preliminary  meeting 
of  those  interested  in  tick  eradication  held  in  Eichmond,  Va.,  in  1905, 
Dr.  Tait  Butler,  then  State  veterinarian  of  North  Carolina,  took  oc- 
casion to  say  to  doubting  members :  "  But  it  is  being  done ;  it  has  been 
done."  If  the  doctors  disagreed  then,  how  much  could  have  been 
expected?  And  how  much  can  now  be  expected  of  him  who  lives 
isolated  and  reads  not,  or,  reading,  doubts?  But  it  is  upon  this 
man — the  farmer  who  has  seen  ticks  all  his  life  and  knows  no  facts  to 
point  out  their  potency  for  harm — ^that  States  and  counties  are  de- 
pendent for  hastening  the  work. 

Decidedly  the  hardest  fifth  of  the  work  has  been  done,  for  where 
few  farmers  were  well  informed  concerning  tick  eradication  in  1906, 
thousands  scattered  throughout  the  tick  belt  now  Imow  that  it  is 
successful  and  are  awaiting  the  day  when  their  coimties  may  begin 
the  work.  They  are  not  yet  in  the  majority,  but  their  numbers  re- 
ceive yearly  accessions.  .Where  no  county  sought  cooperation  in 
1906,  many  are  waiting  now.  Where  no  county  made  any  consid- 
erable appropriation  in  1906,  many  now  employ  as  many  agents  as  the 
State  furnishes,  or  more.  Where  the  Bureau  of  Animal  Industry 
furnished  supervision  and  agents  then,  it  furnishes  but  the  former 
now.  Where  no  money  had  been  appropriated  prior  to  1906,  the 
Federal  Government  now  devotes  $250,000  annually,  and  States  and 
counties  more  than  $150,000  more.  These  appropriations  will  likely 
increase  rather  than  decrease,  on  account  of  awakened  demand. 

Eapid  progress  in  tick  eradication  is  dependent  in  large  part  upon 
the  thorough  control  exercised  over  the  cattle  during  summer,  fall, 
winter,  and  spring,  that  they  may  not  scatter  ticks  which  may 
eventually  infect  other  cattle  or  reinfect  themselves  through  the  seed 
ticks.  The  custom  of  turning  cattle  out  to  range  through  the  un- 
fenced  swamps  and  roadsides  prevents  any  tick  eradication  in  many 
counties.  The  custom  almost  universally  followed  throughout  the 
South  of  turning  out  cattle  after  the  crops  are  gathered  and  letting 
them  roam  at  large  until  the  spring  crops  begin  to  grow  has  pre- 
vented success  in  many  counties  where  tick  eradication  has  been 
undertaken.  Counties  where  this  is  permitted  are  known  as  "  free- 
range  "  counties,  while  those  having  laws  against  cattle  running  at 
large  are  known  as  "  stock-law  "  counties.  AVhen  stock-law  counties 
have  been  cleaned  further  effective  work  must  wait  until  "  stock  law  " 
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is  adopted  in  the  free-range  counties.  Cleaned  cattle  will  always  be 
more  or  less  exposed  to  the  ticks  in  the  infected  free-range  regions. 

Three-sevenths  of  the  counties  still  infested,  the  majority  of  these 
being  in  the  States  bordering  on  and  east  of  the  Mississippi  River, 
are  free  range.  While  counties  have  been  successful  in  eradicating 
ticks  under  free-range  conditions  where  cattle  were  cared  for  and 
kept  under  sufficient  control  summer  and  winter,  there  has  been  no 
success  even  in  stock-law  counties  where  the  cattle  have  been  turned 
out  to  range  during  the  winter.  Canebrakes,  fodder,  dried  grasses, 
and  spring  grasses  may  make  cheap  forage,  but  they  have  certainly 
made  cheap  cattle  and  have  been  demoralizing  to  the  southern  cattle 
and  farming  industry  by  preventing  forage  crops,  winter-cover 
crops,  winter  gi-ains,  and  good  breeding,  and  by  encouraging  thriftless 
management  of  cattle  and  stock.  During  the  past  year  there  have 
been  stock-law  counties  cooperating  in  tick  eradication,  a  majority  of 
whose  citizens  have  desired  to  stop  work  when  it  was  pointed  out 
that  an  agreement  had  been  made  with  the  county  authorities  that 
stock  law  should  be  observed  all  the  year.  The  idea  was  not  that 
tick  eradication  was  harmful,  but  that  w^inter  pasturage  was  worth 
more  than  clean  cattle  and  a  market.  The  overcoming  of  this — ^the 
gi'eatest  obstacle  to  tick  eradication,  if  not  also  to  diversification  of 
southern  field  products,  especially  hay  and  grain — needs  the  cooper- 
ation of  every  agricultural  educational  agency  in  the  South. 

Another  class  of  obstacles  lies  in  the  methods  of  eradicating  ticks. 
The  surest  methods,  those  depending  on  pasture  rotation  or  feed-lot 
systems,  fail  because  they  are  not  used.  Rotation  is  but  exception- 
ally practiced.  There  are  few  fences  other  than  the  single  pasture 
fence  in  the  stock-law  coimties  and  the  crop  fence  in  the  free  range. 
These  methods  are  practically  and  theoretically  the  best,  but  only 
those  people  convei-sant  with  the  long  educational  campaign  de- 
signed to  bring  about  crop  rotation  and  diversification  of  products 
can  realize  why  they  are  not  adopted.  It  is  the  free  winter  pastur- 
age which  costs  the  southern  farmer  so  much. 

There  are  left  the  tickicides,  including  oils,  crude  petroleum,  and 
arsenical  solution.  They  are  applied  by  hand  swabbing,  by  spray- 
ing, or  in  dipping  vats.  The  methods  are  successful  in  the  order 
named,  the  last  being  the  best.  In  every  county  there  are  a  number 
of  doubting  people  who  grudgingly  make  a  show  of  disinfecting  ciat- 
tle.  There  are  others  who  will  not  disinfect  unless  repeatedly  urged. 
Such  as  these  are  careless  about  the  material  used  and  about  the  ap- 
plication. They  fail  of  success  for  a  long  time.  There  is  still  an- 
other class  who  really  try  to  do  their  best.  They  may  be  misguided 
in  the  kind  of  remedy  used;  they  may  purchase  what  agents  direct, 
but  the  material  furnished  may  prove  wrong;  either  it  is  too  weak  in 
the  strength  advised,  or  if  oil  it  will  not  emulsify  in  the  hard  waters 
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of  the  county.  Too  often  the  work  is  put  off  until  large  ticks  have 
developed.  The  result  is  bad;  no  good  is  accomplished,  and  the 
season  passes.    The  end  is  retarded. 

More  recently,  however,  arsenic  solution  has  been  willingly  adopted 
by  ever-growing  numbers.  It  is  sometimes  applied  by  hand,  but 
oftener  by  spray  pumps  or  in  the  vat.  In  one  county  over  125  vats 
have  been  made ;  in  other  counties,  from  25  upward.  In  some  cases 
the  counties  pay  for  the  cement  and  disinfectant  used,  and  the  people 
of  the  communities  furnish  gravel,  sand,  lumber,  and  labor.  The 
farmers  drive  their  cattle  to  these  vats  at  stated  times  twice  a  month 
and  dip  them,  the  process  often  being  supervised  by  the  agent.  The 
cattle  being  thoroughly  immersed,  all  ticks  are  wet  in  the  solution. 
The  errors  of  greasing  methods  by  hand  and  spray  pumps  are 
avoided.  The  arsenic  solution,  being  cheaper  and  less  injurious  to 
the  cattle,  is  preferred  to  the  oil.  The  public  vat  with  arsenic  solu- 
tion is  succeeding  easily  where  other  methods  have  failed.  Each 
State  should  adopt  and  use  it  wherever  possible. 

If  States  could  devise  a  method  by  which  disinfection  would  be 
compulsory,  there  might  be  no  need  of  farm  quarantine  during  the 
first  year's  work.  If  cattle  were  driven  to  the  vat  regularly  eight  or 
ten  times,  there  would  be  little  need  for  further  dippings  unless  some 
animal  had  been  accidentally  left  behind  or  overlooked.  The  quaran- 
tine of  the  few  farms  in  the  second  year  would  not  be  so^burdensome  as 
the  quarantine  of  the  many  which  are  now  quarantined  the  first  year. 
When  the  cost  of  constructing  vats  and  of  the  disinfectants  is  paid  by 
the  county  or  State  the  time  required  for  tick  eradication  is  shortened 
and  the  cost  of  the  work  is  lessened,  thus  making  this  by  far  the  most 
economical  method.  If  tickicides  are  to  be  employed,  the  community 
vat  is  the  only  cheap  and  efiicient  method.    All  others  temporize. 

Intercounty  quarantines  are  unavoidable  to  a  certain  extent. 
Their  restrictions  can  be  greatly  lessened  by  adopting  large  areas  of 
disinfection.  A  prolonged  maintenance  of  quarantine  between  clean 
and  infected  areas  not  only  instructs  the  residents  of  the  former  in 
maintaining  it  but  the  latter  in  the  necessity  of  tick  eradication  if 
they  desire  unrestricted  movement  of  cattle.  Such  education  is  im- 
perative before  quarantines  are  lifted  from  clean  areas.  The  efforts 
of  the  State  should  be  directed  toward  engaging  in  cooperation  as 
large  blocks  of  counties  as  possible. 

In  the  first  year's  work  in  many  counties  it  has  been  difficult  to  get 
convictions  of  violators.  They  choose  jury  trials,  and  disagreements 
are  the  rule.  Trials  before  justices  of  the  peace  now  often  succeed. 
It  seems  quite  difiicult  for  the  average  juryman  on  these  trials  to  base 
a  decision  on  the  evidence  as  presented.  He  is  either  for  or  against 
the  "  tick  law." 
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The  personnel  of  the  oflScers  engaged  in  tick  eradication  comprises 
United  States  veterinary  inspectors,  used  as  supervising  inspectors, 
and  State  and  county  agents,  who  do  the  main  work  of  inspection. 
The  efficiency  of  each  depends  upon  his  capability,  including  tact  and 
training.  In  1906  all  were  new.  Since  then  there  have  been  con- 
tinued changes.  Exigencies  of  the  service  have  required  the  shifting 
of  Federal  officers;  completion  of  the  work  in  counties  has  compelled 
the  discontinuance  of  local  agents.  Even  States  have  not  built  up  a 
force  of  efficient  workers  because  the  pay  allowed  has  been  insuffi- 
cient to  maintain  men  away  from  home.  The  Federal  force  is  contin- 
ually improving  because  of  the  retention  of  men  showing  tact  and 
adaptability  and  because  of  their  acquired  experience.  The  States 
should  as  time  passes  unite  the  best  of  the  State  and  county  agents 
into  an  active  body  for  future  work.  The  new  agent  takes  some  time 
to  learn  his  duties  and,  having  no  previous  experience,  his  first  year 
is  generally  lost.  Counties  should  call  upon  the  State  for  a  list  of 
trained  men  and  employ  them  as  local  agents.  Much  time  is  thereby 
saved.  It  is  questionable,  however,  whether  there  should  be  any  local 
agents.  State  agents  should  replace  them,  and  a  certain  proportion 
should  be  paid  from  county  funds.  As  the  force  is  improved  many 
of  the  obstacles  now  met  in  the  field  work  will  be  removed. 

The  obstacles  in  the  way  of  tick  eradication  may  be  summarized 
as  follows : 

1.  Ignorance,  which  may  be  and  is  being  removed  through  the  in- 
struction of  agricultural  workers  and  by  the  publication  of  informa- 
tion on  tick  eradication. 

2.  Failure  of  disinfectants  through  ignorance  in  using  a  faulty 
quality  of  material  and  carelessness  in  application.  This  condition 
is  being  improved  by  the  use  of  arsenic  solution  in  vats. 

3.  Failure  to  control  cattle  on  account  of  free  range,  and  lack  of 
winter  forage,  fodder,  and  grain  crops.  This  is  the  most  serious  ob- 
stacle and  can  be  overcome  only  by  persistent  effort  in  demonstrating 
a  better  way  and  by  enforcement  of  an  all-the-year-round  stock  law. 

4.  Friction  created  by  working  in  too  small  areas.  Working  in 
larger  areas  would  relieve  many  local  quarantine  restrictions. 

5.  Failure  of  juries  to  convict  violators  on  the  evidence. 

6.  Untrained  agents,  due  to  frequent  changes.  The  retention  of 
the  best  State  and  county  agents  is  advocated.  State  appropriations 
should  be  made  with  reference  to  finishing  the  work  at  an  early  date 
by  proceeding  at  a  regular  annual  rate. 

SOME  REASONS  FOR  TICK  ERADICATION. 

The  effect  of  the  invasion  of  a  new  territory  by  the  cotton  boll 
weevil  is  to  turn  the  attention  of  the  planters  to  producing  diversi- 
fied crops.    Because  they  can  no  longer  borrow  money  on  the  cotton 
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crop  to  buy  supplies  they  turn  to  raising  crops  to  feed  their  animals 
and  families ;  then  they  increase  their  farm  animals  to  consume  the 
abundant  forage  they  may  raise.  Thus  cattle  become  a  money  crop 
and  the  planters  are  ready  to  pay  more  attention  to  them.  Since 
successful  cattle  feeding  and  marketing  depend  upon  the  removal  of 
the  ticks,  the  work  of  tick  eradication  is  taken  up. 

Money  has  been  advanced  to  the  planters  in  the  South  solely  upon 
the  future  cotton  crop.  There  has  been  no  other  crop  to  borrow  on. 
Because  everything  had  been  bought  at  a  high  price,  little  money 
remained  in  the  coimtry  when  settling  day  came.  The  boll  weevil 
thus  has  its  effect  upon  the  fertilizer  bill.  Commercial  fertilizer  can 
not  be  obtained  on  a  crop  so  uncertain  as  cotton  in  the  first  few  years 
of  boll- weevil  invasion.  But  fertility  of  the  soil  is  one  of  the  prime 
requisites  for  raising  cotton  and  forcing  its  growth.  Thus  it  happens 
that  the  raising  of  cattle  is  advised  by  agriculturists  to  produce  the 
much-needed  manure  at  the  least  cost.  The  cattle  consume  home- 
raised  forage  and  restore  nearly  all  in  an  available  form  to  the  soil. 
Fields  used  for  pasturing  or  feeding  cattle  in  the  past  have  shown  the 
effect  of  the  manuring  in  the  increased  growth  of  cotton  for  25  years 
after  the  cattle  were  removed. 

The  planters  of  southwestern  Mississippi  took  up  tick  eradication 
because  the  boll  weevil  forced  them  to  do  this.  This  region  has  been 
practically  the  first  to  take  it  up  without  urging,  and  judging  from 
this  event  it  may  be  concluded  that  tick  eradication  will  follow  the 
advance  of  the  boll  weevil  from  westward  to  the  east  without  fur- 
ther urging. 

It  is  recognized  that  ticks  are  the  principal  if  not  the  only  cause 
of  depression  of  the  cattle  industry  in  the  South,  as  the  necessary 
feed  may  be  easily  raised  there  when  cattle  are  considered  to  be  worth 
the  trouble.  Tick  eradication  will  thus  build  up  another  southern 
industry  and  help  to  maintain  cotton  production  through  the  manure, 
a  by-product  of  cattle  feeding.  Further,  the  cottonseed  meal  now 
sent  elsewhere  for  feeding  cattle  and  making  commercial  fertilizer 
will  be  retained  for  the  same  purpose  at  home,  and  the  loss  now 
incurred  by  its  shipment  will  thus  be  stopped. 

When  these  facts  are  thoroughly  recognized,  and  the  southern 
planter  is  brought  face  to  face  with  the  boll  weevil,  tick  eradication 
will  receive  the  attention  it  merits. 

PROSPECTS  FOR  THE  FUTURE. 

The  fact  that  one-fifth  of  the  infested  area  has  been  cleaned  in  the 
past  five  years  does  not  afford  grounds  for  estimating  future  prog- 
ress. It  is  not  reasonable  to  conclude  that  because  the  area  cleaned 
was  situated  along  the  northern  boundary  it  was  easier  to  clean,  and 


Digitized  by  LjOOQ IC 


264  27th  report,  bureau  of  animal  industry. 

therefore  that  the  remainder  will  require  a  proportionately  longer 
time,  or  that  because  four-sevenths  of  the  remaining  counties  are  free- 
range  territory  this  condition  will  indefinitely  prolong  the  work.  On 
the  one  hand,  better  methods  will  hasten  work,  and,  on  the  other, 
stock  law  may  be  adopted  any  year.  It  is  true  that  tick  eradication 
as  now  conducted  waits  on  stock-law  sentiment  to  prevail.  Perhaps 
the  demonstrated  success  of  the  work  in  one-seventh  of  the  counties 
will  prove  an  object  ICvSson  that  will  go  far  toward  overcoming  ob- 
stacles in  the  remaining  area.  There  is  hope  that  tick  eradication, 
which  has  so  far  gone  falteringly  ahead,  will  soon  advance  with 
firmer  tread  toward  its  goal. 

The  centers  of  greatest  activity  will  be  for  a  year  or  two  in  the 
States  of  Oklahoma,  Arkansas,  and  Mississippi,  if  the  present  situa- 
tion is  indicative  of  immediate  future  operations.  The  work  in  the 
States  of  Virginia,  North  Carolina,  Tennessee,  and  California  is 
either  drawing  to  a  close  or  coming  to  a  standstill  while  waiting  for 
backward  counties  to  take  up  the  work.  Slow  progress  is  indicated 
in  South  Carolina,  Georgia,  Alabama,  Louisiana,  and  Texas;  none  in 
Florida.  Unless  more  decisive  action  is  taken  in  the  free-range 
regions,  the  work  in  all  States  will  halt  at  the  free-range  boundary. 

If  States  should  decide  to  take  up  an  average  of  five  stock-law 
counties  yearly,  the  free-range  limit  would  be  reached  as  follows: 
North  Carolina,  2  years;  South  Carolina,  6;  Mississippi,  6;  Ala- 
bama, 8;  Oklahoma,  10;  Georgia,  21;  Texas,  35. 

If  it  is  aasumed  that  free-range  cpunties  will  come  imder  stock 
law  at  the  same  rate,  the  States  will  be  completed  as  follows:  Vir- 
ginia, 2  years ;  Tennessee,  3 ;  South  Carolina,  6 ;  North  Carolina,  9 ; 
Oklahoma,  10;  Arkansas,  12;  Louisiana,  12;  Alabama,  13;  Mississippi, 
15;  Florida,  10,  plus  the  time  it  takes  to  start;  Georgia,  29;  Texas, 
37.  Any  differences  in  the  annual  rate  will  hasten  or  delay  the  final 
date. 

These  figures  have  little  value  excepting  as  they  convey  an  idea  of 
the  duration  of  the  task  and  its  completion  under  certain  plans  of 
action.  Their  study  should  stimulate  authorities  to  plan  for  eradi- 
cation to  proceed  at  a  certain  definite  rate.  When  it  is  considered 
that  as  many  counties  can  work  together  as  desire,  it  seems  futile  to 
delay  the  end  beyond  a  reasonable  time ;  for  example,  10  years.  It  is, 
indeed,  more  profitable  to  take  up  areas  containing  10  or  more  coun- 
ties annually.  At  such  rate  the  stock-law  counties  of  all  States  ex- 
cept Georgia  and  Texas  would  be  completed  in  5  years.  Even  the 
State  of  Georgia  need  not  be  far  behind,  because  20  counties  should 
be  taken  on  account  of  the  small  size  of  each,  and  thus  only  half  the 
time  would  be  consumed.  The  infected  area  of  Texas  is  about  three 
times  as  large  as  that  of  any  other  State;  therefore  Texas  should 
do  three  times  as  much  work,  or  even  more,  for  she  has  a  greater 
cattle  industry  and  more  at  stake.     It  is  not  impossible  for  the  ma- 
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jority  of  Texas  counties  to  be  completed  within  10  years.  If  this  is 
done,  however,  the  work  must  be  prosecuted  on  a  much  larger  scale 
than  at  present. 

Most  States  have  not  as  a  whole  desired  tick  eradication  in  the 
past.  The  comparatively  meager  appropriations  have  been  made 
on  account  of  only  a  few  counties  desiring  to  work.  Just  as  the 
boll  weevil  stimulated  Congress  to  make  the  first  appropriation,  and 
just  as  it  caused  Mississippi  to  take  sudden  interest  recently,  just 
so  will  it  arouse  enthusiasm  in  Arkansas,  Alabama,  Georgia,  and 
Florida,  as  it  reaches  those  States  later  on. 

The  cost  of  tick  eradication  to  the  Federal  Government  up  to  date 
has  been  less  than  $1,000,000.  Excluding  over  40,000  square  miles  of 
seniiarid  lands  released  in  California  leaves  100,000  square  miles  dis- 
infected at  a  cost  to  the  Federal  Government  of  less  than  $10  per 
square  mile.  The  cost  to  the  States  and  counties  has  so  far  been 
much  less,  and  there  seems  to  be  no  prospect  of  its  becoming  more 
than  that.  The  cost  to  the  farmer  is  so  quickly  repaid  by  the  well- 
being  and  improvement  in  cattle  that  all  complaint  of  increase  in 
taxes  is  quieted  as  eradication  proceeds. 

As  one-seventh  of  the  tick-infested  territory  has  thus  been  cleaned 
at  a  cost  to  the  Government  of  less  than  $1,000,000,  the  other  six- 
sevenths  would,  at  the  same  rate,  require  about  $6,000,000.  The  esti- 
mated cost  to  any  State  may  be  attained  by  multiplying  its  infected 
mileage  by  $10.  It  is  probable  that  this  cost  will  be  maintained 
whether  a  State  requires  5  or  20  years  to  complete  disinfection. 

Elsewhere,  it  has  been  stated  that  the  minimum  loss  to  the  infected 
States  was  over  $40,000,000  annually.  It  is  apparent,  then,  that 
disinfection  of  one-seventh  of  the  counties  is  saving  the  country 
about  $5,000,000  annually,  and  that  the  tick-eradication  service  has 
already  conserved  to  the  country  values  far  greater  than  the  cost  of 
the  work.  As  time  proceeds  these  conserved  values  will  increase  and 
accumulate,  adding  to  the  prosperity,  not  only  of  the  South,  but  of 
the  whole  country. 

The  benefits  of  tick  eradication  are  no  longer  a  dream.  In  an 
area  larger  than  two  ordinary  States  formerly  tick  infested  and  pest 
ridden  the  cattle  are  now  free  of  ticks  and  thriving  as  never  before. 
They  may  be  marketed  without  quarantine  restrictions,  and  at  better 
prices  than  cattle  from  the  tick-infested  area.  Farmers  are  introduc- 
ing improved  stock  and  increasing  their  herds.  Better  arrangements 
are  made  for  providing  winter  feed  and  otherwise  caring  for  them. 
A  new  money  crop  has  arisen  from  what  was  a  neglected  industry. 
And  more  than  all  this,  the  increased  fertility  of  the  soil  brought 
about  by  a  diversification,  including  forage  crops,  and  the  use  of 
stable  manures,  has  enabled  the  cotton  farmer  who  has  eradicated 
cattle  ticks  to  prepare  for  the  invasion  of  the  boll  weevil  in  such  a 
manner  as  to  feel  its  effects  least. 
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THE  USE  OF  ARSENICAL  DIPS  IN  TICK  ERADICATION. 

By  B.  H.  Ransom,  Ph.  D.,  Chief  of  the  Zoological  Division, 

AND 

H.  W.  Graybili.,  D.  V.  M.,  Assistant  Zoologist, 
INTRODUCTION. 

It  is  now  a  well-known  fact  that  the  Texas-fever  tick  may  be 
eradicated  from  cattle  and  pastures  by  following  certain  courses  of 
procedure  in  which  the  cattle  are  moved  from  time  to  time  from  one 
pasture  to  another ;  in  other  words,  eradication  may  be  accomplished 
by  so-called  "  rotation  methods  '*  without  the  necessity  of  treating 
the  cattle  with  tick-killing  substances.  In  many  instances,  however, 
it  is  impracticable,  uneconomical,  or  on  some  other  account  undesir- 
able to  depend  upon  the  automatic  eradication  which  ultimately 
takes  place  when  proper  rotation  methods  are  followed,  in  which  case 
it  becomes  necessary  either  to  use  them  in  connection  with  other 
methods  or  to  resort  to  other  methods  alone.  In  such  cases  the  dip- 
ping or  spraying  of  cattle  with  a  substance  destructive  to  ticks  pro- 
vides a  means  of  hastening  eradication  and  of  rendering  eradication 
possible  in  the  presence  of  conditions  under  which  unmodified  rotation 
methods  would  be  practically  out  of  the  question. 

Ever  since  the  fact  that  the  tick  is  the  agent  of  transmission  of 
Texas  fever  was  established,  investigations  have  been  carried  on 
under  the  auspices  of  the  Bureau  of  Animal  Industry,  State  experi- 
ment stations,  and  other  institutions  for  the  purpose  of  discovering 
some  substance  which  when  applied  externally  to  the  bodies  of  tick- 
infested  cattle  would  free  them  from  ticks  without  injury  to  the 
animals  themselves.  Very  early  in  the  history  of  these  investigations 
it  was  found  that  ticks  were  highly  resistant  to  treatment,  and  it  has 
been  determined  that  several  remedies  which  give  good  results  in  the 
case  of  such  external  parasites  as  mange  mites  and  lice  are  of  little 
or  no  use  in  the  case  of  ticks.  Some  substances  appeared  to  have 
absolutely  no  effect,  and  others  when  applied  at  a  sufficient  strength 
to  destroy  the  ticks  were  so  severe  in  their  effects  upon  the  cattle  that 
they  could  not  be  used  in  practice.  For  example,  lime-and-sulphur, 
tobacco,  and  coal-tar  dips,  which  are  very  satisfactory  remedies 
against  certain  other  external  parasites  of  cattle,  have  been  found  to 
have  no  practical  value  in  the  destruction  of  ticks.  Oil  dips  have 
proved  more  successful,  and  for  several  years  crude  petroleum,  pro- 
vided it  conformed  to  certain  requirements  as  to  its  physical  and 
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chemical  characteristics,  has  been  recognized  by  the  live-stock  sani- 
tary authorities  of  the  Federal  Government  and  of  various  States  as 
an  efficacious  remedy  against  cattle  ticks.  Although  the  efficacy  of 
crude  petroleum  is  generally  admitted,  there  are  a  number  of  more 
or  less  serious  objections  to  it  which  have  largely  interfered  with  its 
usefulness.  Among  these  objections  may  be  mentioned  the  facts  that 
in  practice  crude  petroleum  of  proper  composition  is  difficult  to  pro- 
cure, is  rather  expensive,  bulky,  liable  to  loss  by  leakage,  is  fre- 
quently very  severe  in  its  effects  upon  cattle,  and  produces  a  greasy 
condition  of  the  hair  and  skin,  which  is  highly  undesirable  in  the  case 
of  dairy  cattle. 

About  five  years  ago  the  Bureau  of  Animal  Industry  began  in- 
vestigating arsenical  solutions  with  reference  to  their  utility  for 
dipping  cattle  to  free  them  from  ticks.  At  that  time  arsenical  dips 
as  remedies  against  ticks  had  been  considerably  used  in  South 
Africa,  and  to  some  extent  in  Australia  and  South*  America,  but 
practically  not  at  all  in  the  United  States.  In  lOOG,  following  the 
publication  of  two  articles  by  Dr.  N.  S.  Mayo,'  at  tliat  time  chief 
veterinarian  of  Cuba,  in  which  an  arsenical  solution  was  highly 
recommended  as  both  efficacious  against  ticks  and  noninjurious  to 
cattle,  a  numlwr  of  trials  of  arsenical  solutions  were  made  in  Texas, 
at  first  under  cooperation  between  the  Bureau  of  Animal  Industry 
and  the  live-stock  sanitary  commission  of  Texas,  and  later  by  the 
Bureau  of  Animal  Industry  working  alone.  The  composition  and 
method  of  preparing  the  arsenical  solution,  as  described  by  Mayo  in 
the  first  reference  given,  are  as  follows: 

White  arsenic I)onnd»_-  1^ 

Sodliun  carbonale,  ciystals do 4^ 

Yellow  soap do 4 J 

Pine  tar quart.-  1 

Water gallons.-  100 

The  arsenic  is  to  be  dissolved  in  5  or  more  gallons  of  water  by  bolUng  for 
one-half  hour;  when  dissolved  add  It  to  20  gallons  of  water.  Shave  the  soap, 
mix  with  the  soda,  and  dissolve  in  5  gallons  of  water.  When  dissolved,  add  the 
tar  in  a  tine  stream  and  stir  until  the  tar  Is  in  solution,  then  mix  with  the 
arsenical  solution  and  add  sufficient  water  to  make  100  gallona 

In  the  second  article  referred  to,  appearinff  about  a  month  later. 
Dr.  Mayo  cave  a  somewhat  different  formula  but  essentially  the 
same  method  for  preparing  the  arsenical  dip,  as  follows: 

Arsenious  add ]X)unds 8 

So<la  carbonate,  crystals do 24 

Yellow  soap do 24 

Pine  tar gallons.-      1 

Water do 500 


1  Breeder's  Gazette,  vol.  49,  No.  11,  p,  564,  and  American  Veterinary  Review,  vol.  ."^O, 
No.  2,  p.  243. 
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Dissolve  the  arseuic  in  20  gallons  or  more  of  water  by  boiling  for  30  to  40 
minutes.  When  dissolved,  add  to  100  gallons  of  water.  Dissolve  the  soap  and 
soda  in  20  gallons  of  boiling  water,  first  shaving  the  soap,  and  while  boiling 
add  the  pine  tar  in  a  thin  stream  and  stir  until  it  is  dissolved.  Mix  this  with 
the  arsenical  solution  and  add  sufficient  water  to  make  500  gallons. 

In  the  course  of  the  first  year's  trials  of  the  dip  in  Texas  Dr.  Mayo's 
formula  was  slightly  modified  by  the  omission  of  the  soap,  which  did 
not  seem  to  add  to  the  efficacy  of  the  dip.  The  formula  and  method 
of  preparation  which  were  usually  employed  are  as  follows : 

White  arsenic pounds.-       8 

Sodium  carbonate do 24 

Pine  tar gallons__      1 

Water  sufficient  to  mal^e do 500 

The  arsenic  and  sodium  carbonate  were  dissolved  by  boiling  in  25  or  30  gal- 
lons of  water,  after  which  the  fire  was  drawn  and  the  solution  allowed  to  cool 
somewhat.  The  tar  was  then  added,  and  flnaUy  the  mixture  was  added  to 
sufficient  water  to  make  500  gallons  of  dip. 

During  1906  about  12,000  head  of  cattle  were  treated  in  Texas  with 
the  arsenical  dip  under  the  supervision  of  inspectors  or  agents  of  the 
Bureau  of  Animal  Industry  with  results  which  in  some  respects  were 
highly  encouraging.  Though  it  appeared  questionable  from  the 
reports  of  these  dippings  whether  the  dip  was-  absolutely  efficacious, 
there  seemed  to  be  no  question  as  to  its  highly  destructive  action  on 
ticks  and,  as  compared  with  crude  petroleum,  its  slight  injurious 
effects  upon  cattle.  In  fact,  the  apparent  merits  of  the  dip  were 
such  that  its  use  was  enthusiastically  adopted  by  cattle  owners  in 
Texas  and  has  been  continued  up  to  the  present  time,  the  range  of 
popularity  of  the  dip  increasing  from  year  to  year. 

In  consequence  of  the  promising  results  secured  in  the  first  trials 
of  the  arsenical  solution  the  Bureau  of  Animal  Industry  has  carried 
out  a  number  of  investigations  and  experiments  in  order  to  obtain 
definite  data  relative  to  the  efficacy  of  arsenical  solutions  as  remedies 
against  ticks. 

A  detailed  report  of  these  investigations  and  experiments  has  been 
written  for  publication  in  separate  form,^  and  accordingly  only  a 
general  discussion  of  results  will  be  given  in  the  present  article. 

DISCUSSION  OF  RESULTS  OF  EXPERIMENTS. 

(X)MPosrnoN  of  the  dips  used. 

In  most  of  the  experiments  the  arsenical  solution  used  was  com- 
pounded in  accordance  with  the  modification  of  Dr.  Mayo's  formula 
given  above,  the  amounts  of  arsenic  varying  from  8  to  12  pounds,  and 
of  sal  soda  from  24  to  45  pounds,  for  each  500  gallons  of  dip,  in  dif- 


*  Bureau  of  Animal  Industry  Bulletin  144. 
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ferent  instances.  When  pine  tar  was  used  it  was  added  in  the  pro- 
portion of  1  gallon  to  each  500  gallons  of  dip.  In  some  of  the  experi- 
ments arsenical  dips  of  somewhat  different  composition  were  used. 
The  amount  of  arsenic  in  solution  in  the  various  dips,  expressed  in 
its  equivalent  of  arsenic  trioxid,  varied  from  0.16  to  0.495  per  cent. 

In  the  Mayo  dip  and  its  modifications  the  arsenic  is  present  in  the 
form  of  a  sodium  salt  known  as  sodium  arsenite  ^  which  results  from 
the  chemical  reaction  which  takes  place  between  the  arsenic  (arsenic 
trioxid)  and  the  sal  soda  (sodium  carbonate)  when  these  substances 
are  boiled  together. 

The  proportionate  amount  of  sal  soda  used  in  the  arsenic,  sal  soda, 
and  pine  tar  mixture  is  more  than  is  necessary  to  transform  the 
arsenic  into  sodium  arsenite.  It  has  not  been  determined  whether  a 
dip  containing  an  excess  of  soda  is  more  efficacious  than  one  in  which 
just  enough  soda  has  been  used  to  complete  the  reaction  with  the 
aisenic.  In  view  of  the  fact,  however,  that  the  cuticle  of  ticks  is 
softened  and  may  be  dissolved  by  alkaline  solutions,  it  is  possible  that 
the  efficacy  of  the  dip  may  depend  in  part  upon  the  weak  alkalinity 
given  to  it  by  the  excess  of  soda  used  in  its  preparation.  The  function 
of  the  pine  tar  in  the  dip  is  indefinitely  known.  'WTiether  it  actually 
renders  the  dip  more  efficacious  is  uncertain.  It  does,  however,  give 
body  to  the  dip,  and  also  serves  the  useful  purpose  of  rendering  the 
appearance  and  odor  of  the  dip  distinctive. 

EFFECTS  OF  ARSENICAL  DIPS  ON  CATTLE. 

The  effects  of  the  dips  upon  the  cattle  in  the  various  experiments 
were  almost  invariably  slight. 

No  constitutional  symptoms  were  observed  except  in  one  experi- 
ment in  which  a  dip  containing  0.476  per  cent  of  arsenic  trioxid  was 
used,  and  these  may  have  been  secondary  to  severe  skin  lesions.  The 
calf  dipped  in  this  strong  solution  lost  considerably  in  weight  and 
did  not  begin  to  recover  from  the  effects  of  the  dip  until  about  a 
month  after  dipping.  In  another  experiment  a  calf  dipped  in  a  still 
stronger  solution  (0.495  per  cent)  of  arsenic  trioxid  showed  no  signs 
of  injury  other  than  slight  skin  injury.  Cattle,  not  infested  with 
ticks,  dipped  repeatedly  in  a  dip  containing  an  equivalent  of  about 
0.22  per  cent  arsenic  trioxid  at  intervals  of  two  and  three  weeks, 
gained  less  in  weight  than  other  uninfested  cattle  kept  under  the 
same  conditions  undipped,  but  it  is  uncertain  whether  this  difference 
was  due  to  the  dipping. 

1  It  has  been  found  by  Mr.  Fuller,  of  the  Blochemic  Division  of  this  bureau,  that  under 
certain  conditions  the  sodium  arsenite  In  an  arsenical  dip  becomes  more  or  less  completely 
oxidized  to  sodium  arsenate,  this  change  occurring  after  the  lapse  of  sevenU  weeks.  (See 
Bureau  of  Animal  Industry  Circular  182.)  In  the  experiments  discussed  in  the  present 
paper,  unless  otlierwise  stated,  the  arsenic  In  the  dips  used  was  in  solution  as  arsenite, 
and  was  known  so  to  be  either  because  the  dips  were  used  fresh  or  because  they  were 
afterwards  proved  by  chemical  analysis  to  be  unoxidlzed. 
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In  all  cases  in  which  cattle  were  dipped  or  sprayed  once  or  twice 
in  arsenical  dips  containing  an  equivalent  of  from  0.16  to  0.24  per 
cent  of  arsenic  trioxid,  the  injurious  effects  observed  were  confined 
to  the  action  of  the  dips  upon  the  skin,  and  scarcely  ever  was  this 
action  more  than  very  mild,  though  in  some  cases  the  animals  were* 
treated  in  hot  weather  when  the  injurious  effects  from  dipping  are 
especially  likely  to  appear.  The  signs  of  the  effects  of  dipping  on 
the  skin  in  various  instances  became  evident  in  from  3  to  9  days 
after  the  treatment,  at  which  time  a  more  or  less  well-marked  epi- 
dermal exfoliation  or  dandruff-like  peeling  of  the  superficial  layers 
of  the  skin  appeared,  confined  as  a  rule  to  the  dewlap,  neck,  escutch- 
eon, inner  side  of  thighs,  and  scrotum.  No  marked  inflammation 
preceded  the  exfoliation,  though  occasionally  a  slight  irritation  of 
the  skin  in  places  was  observed. 

In  a  number  of  cases  the  skin  became  somewhat  thickened  on  cer- 
tain parts  of  the  body,  namely,  on  the  escutcheon,  inner  side  of  the 
thighs,  dewlap,  and  neck.  Rarely  was  cracking  of  the  thickened 
skin  observed.  In  one  experiment  in  which  cattle  were  sprayed  once 
with  an  arsenical  solution  containing  an  equivalent  of  about  0.17 
per  cent  of  arsenic  trioxid,  to  which  had  been  added  10  per  cent  of 
crude  petroleum  emulsified  with  soap,  rather  severe  skin  injury  was 
observed  in  the  case  of  some  of  the  animals,  consisting  in  exfoliation, 
thickening,  and  cracking  of  the  skin,  with  evident  soreijess,  which 
caused  the  animals  to  become  stiff  and  lame.  These  effects  were 
apparently  largely  due  to  the  oil,  as  the  skin  of  cattle  sprayed  in 
the  same  dip  before  the  addition  of  the  crude  petroleum  showed 
scarcely  any  signs  of  injury.  In  the  case  of  a  few  animals  in  some 
of  the  experiments  a  slight  loss  of  hair  accompanied  the  exfoliation. 
Bulls  seemed  to  be  more  liable  to  skin  injury  than  cows  and  steers. 
The  effects  of  a  second  dipping,  so  far  as  observed,  were  always  less 
than  those  of  the  first.  When  fresh  exfoliation  occurred  as  a  result 
of  a  second  dipping  given  within  two  weeks  after  the  first,  it  first 
became  noticeable  in  from  8  to  13  days  after  the  second  dipping. 

In  this  connection  it  should  be  noted  that  it  is  a  matter  of  common 
observation,  and  shown  very  clearly  in  many  of  the  experiments 
discussed  in  this  paper,  that  there  is  a  great  difference  in  the  sus- 
ceptibility of  individual  animals  to  the  effects  of  dips  applied  in  the 
same  way  and  under  similar  conditions.  The  skin  affections  pro- 
duced by  a  dip  appear  also  to  depend  on  the  method  employed  in 
applying  it.  Watkins-Pitchf ord  ^  has  found  that  an  arsenical  dip 
which  is  satisfactory  from  the  standpoint  of  its  effects  on  the  skin 
when  used  as  a  spray  is  entirely  too  strong  when  used  as  a  dip. 

*  Natal  Agricultural  Journal,  Pletermarltzburg,  vol.  12,  no.  4,  1909,  pp.  43G-459 ;  vol. 
15,  no.  5,  1910,  pp.  577-602. 
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In  our  own  experiments,  cattle  dipped  ten  times  with  an  interval 
of  one  week  between  the  first  two  dippings  and  with  an  interval  of 
two  weeks  between  the  second  and  third  and  succeeding  dippings, 
and  cattle  dipped  seven  times  at  intervals  of  three  weeks,  show^ed 
scarcely  any  evidences  of  the  effects  of  the  dip  upon  the  skin.  The 
dip  used  in  this  experiment  originally  contained  sodium  arsenite 
equivalent  to  0.217  per  cent  arsenic  trioxid,  but  at  some  time  between 
three  weeks  and  three  months  after  the  first  dipping  the  sodium 
arsenite  had  become  largely  oxidized  to  sodium  arsenate.  It  is 
probable  that  sodium  arsenate  is  less  active  on  the  skin  than  sodium 
arsenite,  hence  it  is  possible  that  if  a  freshly  made  arsenical  dip  had 
been  used  at  each  dipping  the  repeated  applications  might  have  had 
more  effect  upon  the  cattle,  though  it  should  be  noted  that  at  the 
tenth  dipping  of  one  lot  of  cattle,  and  the  seventh  dipping  of  the 
other  lot,  a  freshly  prepared  dip,  containing  an  equivalent  of  0.22 
per  cent  arsenic  trioidd,  was  used  without  producing  any  noticeable 
skin  injury. 

In  one  experiment  in  which  a  dip  was  used  containing  an  equiva- 
lent of  0.222  per  cent  arsenic  trioxid  with  some  soap,  the  effects  on 
the  skin,  though  not  serious,  were  somewhat  more  marked  than 
those  usually  observed  following  the  use  of  a  simple  arsenic-soda- 
pine  tar  dip  containing  the  same  percentage  of  arsenic.  The  effects 
of  a  proprietary  dip,  which  contained  soap  and  other  ingredients  of 
minor  importance  in  addition  to  arsenic,  as  observed  in  two  experi- 
ments, were  apparently  somewhat  greater  than  those  resulting  from 
the  above-mentioned  dip  containing  soap  or  the  ordinary  arsenic- 
soda-pine  tar  dip. 

The  following  conclusions  may  be  drawn  from  the  various  ex- 
periments as  to  the  effects  of  arsenical  dips  upon  cattle: 

Cattle  may  be  safely  dipped  or  sprayed  with  an  arsenical  dip  con- 
taining an  equivalent  of  0.24  per  cent  arsenic  trioxid  or  less,  and  the 
treatment  once  repeated  seven  or  more  days  later,^  the  only  injury  to 
be  expected  as  a  rule  being  more  or  less  epidermal  exfoliation  and 
sometimes  slight  soreness  or  tenderness  of  the  skin  local  in  character. 

It  is  understood  in  stating  the  foregoing  conclusions  that  accidents 
resulting  from  a  lack  of  proper  precautions  to  avoid  the  drinking  of 
the  dip  by  cattle  are  excluded  from  consideration,  and  it  should  also 
be  noted  that  cattle  are  liable  to  suffer  severely  after  dipping, 
especially  in  hot  weather,  if  driven  long  distances,  or  even  if  allowed 
to  run  short  distances  so  that  they  become  overheated.  This  latter 
fact  is  stated  on  the  basis  of  observations  made  by  various  persons 
who  have  had  considerable  practical  experience  in  the  use  of  arsenical 
dips.  On  the  whole,  however,  in  view  of  the  hundreds  of  thousands 
of  cattle  on  farms  and  ranches  which  have  been  treated  with  ai*senical 


'  If  many  trpatments  are  given,  the  intervals  between  treatments  should  not  be  less 
than  two  weeks. 
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dips  under  all  sorts  of  conditio  s,  the  number  of  cases  of  injury 
reported  has  been  remarkably  small. 

In  this  connection  it  is  of  interest  to  note  that  Watkins-Pitchf ord  ^ 
in  observations  made  in  South  Africa  finds  that  dipping  work  oxen 
every  fifth  day  in  an  ar^-^nical  dip  called  the  "  laboratory  dip  "  (con- 
taining as  its  essential  ingredient  8^  pounds  of  arsenite  of  soda,  80 
per  cent  arsenic,  to  400  gallons  (imperial)  ^  of  water)  does  not  inter- 
fere in  any  way  with  cattle  being  worked  regularly. 

EFFECTS  OF  ARSENICAL,  DIPS  ON   TICKS. 

The  experiments  discussed  in  the  present  paper  have  fully  con- 
firmed the  observations  of  various  investigators  and  practical  users 
of  arsenical  dips,  who  have  found  that  ticks  are  very  sensitive  to 
arsenic.  Little  is  known  as  to  the  avenue  by  which  arsenic  enters 
the  body  of  ticks  when  arsenical  dips  are  used. 

Mr.  W.  F.  Cooper '  states  that  he  has  proved  "  that  on  the  appli- 
cation of  an  arsenical  solution  to  the  skin  of  a  beast,  the  arsenic  pene- 
trated the  skin  and  was  to  be  found  in  all  the  tissues  of  the  beast, 
and  further,  that  this  took  place  very  rapidly."  In  his  experiments 
a  considerable  amount  of  arsenic  was  found  in  blood  taken  from  the 
heart  as  early  as  18  hours  after  dipping.  Contrary  to  the  results 
obtained  by  Mr.  Cooper,  a  committee  appointed  by  the  board  of 
health,  Natal,  South  Africa,*  has  found  that  no  trace  of  arsenic  was 
present  in  the  muscles,  liver,  kidneys,  or  stomach  of  cattle  dipped 
repeatedly  at  short  intervals  in  arsenical  solutions.  With  regard  to 
the  presence  of  arsenic  on  the  coat  and  in  the  skin  of  animals  treated 
regularly  with  an  arsenical  dip,  Watkins-Pitchford  °  has  furnished 
some  interesting  observations.  He  appears  to  have  shown  by  analy- 
sis of  samples  of  skin  a  foot  square  from  animals  that  have  been 
dipped  or  sprayed  regularly  that  there  is  an  accumulation  of  arsenic 
in  the  skin  up  to  a  certain  maximum  amount  which  is  rather  constant, 
and  can  not  be  materially  raised  by  shortening  the  interval  between 
treatments.  He  believes  that  there  is  not  merely  a  mechanical  depo- 
sition of  arsenic  in  the  skin,  but  that  the  amount  is  controlled  by 
vital  processes,  any  excess  of  arsenic  beyond  a  certain  amount  being 
rapidly  taken  up  by  the  blood  and  eliminated  in  the  urine.  The 
amount  of  arsenic  in  the  hair  and  scurf  is  raised  by  spraying  the 
skin  immediately  after  death,  while  that  in  the  skin,  according  to 
the  statement  of  the  author,  is  not;  but  the  evidence  presented  on 
this  last  point  is  not  complete.     It  was  also  found  that  the  amount 

*  Natal  AgricuUural  Journal,  Pietermaritzburjf,  vol.  12,  no.  4,  1000,  pp.  4. '{0-4 59 ;  vol. 
15.  no.  5.  1910,  pp.  577-002. 

"One  Imperial  gallon  equals  approximately  1.2  U.  S.  gallons. 
•Journal  of  Agricultural  Science,  Cambridge,  vol.  3,  part  a,  p.  288.     1910. 
♦Agricultural  Journal  of  the  Cape  of  Good  Hope,  vol.  37,  no.  0,  Dec.  1010,  p.  GOO. 
•Natal  Agricultural  Journal,  Pletermaritzburg,  vol.  15,  no.  3,  1010,  pp.  312-320. 
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of  arsenic  in  the  hair  and  scurf  of  a  square  foot  of  skin  was  always 
greater  than  that  in  the  skin  itself. 

The  same  author  has  shown  by  experiments,  which,  however,  are 
rather  limited,  that  animals  that  have  been  treated  with  an  arsenical 
dip  are  poisonous  to  ticks ;  that  this  toxicity  increases  with  the  num- 
ber of  treatments,  and  that  it  is  less  in  regularly  treated  animals,  the 
longer  the  period  elapsing  after  the  last  treatment.  It  was  also 
found  that  when  infested  animals  regularly  treated,  and  others  not 
thus  treated,  were  dipped,  the  ticks  on  the  former  perished  much 
more  quickly  than  on  the  latter. 

That  ticks  are  not  killed  by  arsenic  present  in  the  blood,  the  au- 
thor claims  to  have  shown  by  spraying  an  animal  all  over  except  on 
a  certain  area  where  ticks  had  been  placed,  in  which  case  the  licks 
remained  unaffected.  On  the  other  hand,  the  poisonous  effects  do 
not  appear  to  be  due  to  a  simple  deposition  of  arsenic  on  the  sldn, 
because,  when  ticks  are  permitted  to  attach  to  an  area  of  skin,  on  a 
regularly  treated  animal,  which  has  been  previously  shaved  and 
washed  to  remove  any  arsenic  on  the  surface,  they  nevertheless  suc- 
cumb. 

Some  interesting  observations  were  also  made  with  regard  to  the 
persistence  of  arsenic  in  the  hair.  In  one  instance  arsenic  was 
found  in  the  hair  six  months,  and  in  another  seven  months,  after 
treatment.  A  case  is  referred  to  in  which  8  inches  of  rainfall  did 
not  lower  appreciably  the  amount  of  arsenic  in  the  coat. 

Although  Watkins-Pitchford's  observations  indicate  that  arsenic 
accumulates  in  the  skin  of  cattle  when  they  are  dipped  repeatedly, 
it  is  certain  that  the  action  of  arsenical  dips  is  not  entirely  dependent 
upon  the  arsenic  which  ticks  may  obtain  from  the  skin,  for  the  reason 
that  ticks  removed  from  cattle  immediately  after  dipping  may  after- 
wards exhibit  evidences  of  having  been  acted  upon  by  the  dip.  Our 
slight  knowledge  of  the  mechanism  of  the  action  of  arsenic  upon  ticks, 
therefore,  allows  only  the  general  statement  that  when  arsenical  dips 
are  used  the  poison  enters  the  bodies  of  the  ticks  in  one  or  more  of  the 
following  ways,  namely,  through  the  mouth,  through  the  breathing 
pores,  through  other  openings  of  the  body,  or  by  absorption  through 
the  cuticle,  with  the  corollary  that  the  poisonous  action  of  these  dips 
upon  ticks  is  certainly  not  entirely  dependent  upon  the  arsenic  which 
may  be  ingested  from  the  skin  of  cattle  after  treatment  with  arsenical 
dips. 

FEMALE   TICKS. 

It  was  noted  in  the  various  experiments  that,  as  a  rule,  after 
cattle  had  been  treated  with  arsenical  dips  the  number  of  female 
ticks  maturing  became  rapidly  less  day  by  day,  and  that  it  was  ex- 
ceptional to  find  any  engorged  ticks  present  a  few  days  after  the 
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Plate  XVI. 


One  Hundred  and  Twenty-three  Engorged  Female  Ticks. 

Experimont  No.  5.  After  dipping  in  an  arsenical  solution  containing  an  equivalent  of  less  than  0.22 
per  cent  arsenic  trioxid.  The  averaj^e  weight  of  egus  ikt  tick  de])osited  l>y  this  lot  (inchiding  all 
tick-s  whether  they  oviposited  or  not)  was  23.4  niiiligmuis.  and  none  of  tiiem  hutched  Two-thirds 
natural  size;  from*  a  photograph  taken  24  days  after  dii)i)ing.  Compare  I'late  XVII,  showing  un- 
treated ticks  collected  on  the  same  date  as  those  shown  in  this  piaie. 
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Plate  XVII. 


One  Hundred  and  Five  Engorged  Female  Ticks. 

Experiment  No.  5.  Collected  on  the  same  date  as  those  shown  in  Plate  XVI  and  kept  under  the 
same  conditions  but  not  dipped.  The  average  weight  of  e^^'s  per  tick  deposited  l»y  this  lot  (in- 
cluding sill  ticks  whether  they  oviposited  or  not)  was  127.5  millit;rams,  and  practically  all  of  ihem 
hatched.  Two-thirds  natural  size;  from  a  photograph  taken  on  llie  same  date  as  that  of  the  licks 
shoViTi  in  I'late  XV^l. 
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Plate  XVIII. 


Fig.  1  .—Fifty-Seven  Engorged  and  Nearly  Engorged  Female  Ticks. 

Experiment  No.  11.  Collected  from  a  calf  Immediately  after  dipping  in  an  arsenic  and  pine-tar 
solution  containing  an  equivalent  of  0.215  per  cent  arsenic  trioxid.  The  average  weight  of  egRs  per 
tick  deposited  by  this  lot  (includmg  all  ticks  whether  they  oviposited  or  not)  was  1.3  milligrams, 
and  none  of  them  hatched.    Natural  size;  from  a  photograph  taken  18  days  after  collect  ion. 


2.— Seventeen  Engorged  Female  Ticks. 


Experiment  No.  11.  CJollected  from  an  undipped  calf  on  the  same  date  as  those  shown  in  Fig.  1, 
and  kept  under  the  same  conditions.  The  average  weight  of  eggs  per  tick  deposited  ])y  this  lot 
(including  all  ticks  whether  they  oviposited  or  not)  was  52.7  milligrams,  and  97  percent  of  them 
hatched.    Natiuui  size;  from  a  ptiotogruph  taken  18  days  after  collection. 
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treatment.  It  is  therefore  evident  that  after  treatment  with  an 
arsenical  dip  the  vast  majority  of  the  young  adult  females  die  be- 
fore they  reach  the  engorged  stage,  and  that  the  younger  they  are 
the  less  likely  are  they  to  survive  and  become  engorged. 

In  six  experiments  the  cattle  were  found  to  be  free  from  engorged 
ticks  three  to  five  days  after  the  first  treatment;  in  four  other  ex- 
periments they  were  free  seven  to  nine  days  after  treatment;  in 
another  they  were  nearly  free  five  days  after  treatment ;  in  another 
experiment  all  that  were  examined  were  free  from  engorged  ticks 
eight  days  after  treatment ;  and  in  two  other  experiments  the  cattle 
were  nearly  free  from  engorged  ticks  eight  days  after  treatment. 
An  idea  of  the  marked  effect  of  treatment  upon  female  ticks  may  be 
obtained  from  the  observations  made  in  one  experiment  (No.  5),  in 
which  a  record  was  kept  of  the  number  of  ticks  which  reached  the 
engorged  stage  on  two  calves  after. dipping  in  an  arsenical  dip  con- 
taining an  equivalent  of  0.16  per  cent  arsenic  trioxid.  This  dip 
contained  considerably  less  arsenic  than  the  dips  usually  employed. 
A  third  calf  was  kept  under  observation  undipped,  and  the  number 
of  ticks  maturing  on  this  animal  from  day  to  day  was  recorded  as  in 
the  case  of  the  two  dipped  calves.  On  one  of  the  dipped  calves 
1,340  ticks  and  on  the  other  1,907  ticks  reached  engorgement  during 
the  first  week  after  dipping.  From  the  undipped  calf  968  engorged 
ticks  of  which  a  record  was  kept  were  collected  during  the  same 
period.  Subsequent  to  the  first  seven  days  after  dipping  only  67 
and  37  ticks,  respectively,  reached  engorgement  on  the  dipped 
animals,  whereas  more  than  1,000  reached  full  maturity  on  the  un- 
treated calf. 

A  question  of  great  importance  is  that  of  the  fate  of  the  ticks 
which  reach  engorgement  and  fall  from  cattle  subsequent  to  treat- 
ment with  arsenical  dips.  In  order  to  obtain  data  bearing  upon  this 
question  engorged  ticks  were  collected  from  the  cattle  in  the  various 
experiments  immediately  after  treatment  and  on  successive  days 
thereafter,  and  kept  under  observation.  Observations  were  likewise 
made  upon  ticks  removed  on  corresponding  dates  from  untreated 
cattle.  These  ticks  were  kept  under  the  same  conditions  as  those 
from  the  treated  cattle,  and  thus  served  as  "  controls  "  or  "  checks  " 
upon  the  latter.  Excluding  from  consideration  one  experiment  (Xo. 
5,  referred  to  in  the  preceding  paragraph),  in  which  an  unusually 
weak  arsenical  dip  was  used,  about  70  lots  of  ticks,  varying  in  number 
from  1  to  100  each,  were  removed  from  treated  cattle  in  the  various 
experiments.  A  somewhat  smaller  number  of  lots  of  ticks  from  un- 
treated cattle  were  kept  under  observation  as  controls,  as  in  several 
cases  the  same  lot  of  ticks  from  imtreated  cattle  was  utilized  as  a 
control  for  several  lots  from  treated  cattle.  Reviewing  the  observa- 
tions recorded  relative  to  the  tick?  removed  from  cattle,  it  may  be 


Digitized  by  VjOOQIC 


276  27TH   BEPORT,   BUREAU   OF  ANIMAL  INDUSTRY. 

noted  that  whereas  in  many  of  the  lots  from  treated  cattle  all  of  the 
ticks  died  without  ovipositing,  in  most  cases  some  of  the  ticks  de- 
posited eggs,  the  percentage  of  ticks  ovipositing  usually  being  low 
but  in  rare  instances  as  high- as  100  per  cent.  In  the  control  lots  the 
number  of  ticks  ovipositing  was  almost  always  100  per  cent. 

A  marked  difference  is  also  apparent  with  reference  to  the  number 
of  eggs  deposited  by  ticks  from  treated  and  from  untreated  cattle. 
Ticks  from  treated  cattle  which  survived  to  deposit  eggs  nearly 
always  deposited  a  much  smaller  number  than  ticks  from  untreated 
cattle. 

Moreover,  not  only  were  the  eggs  deposited  by  ticks  from  treated 
cattle  less  numerous,  but  they  rarely  hatched.  On  the  other  hand, 
in  only  one  instance  among  the  control  lots  did  all  the  eggs  fail  to 
hatch.  This  was  due  to  the  lack  of  proper  moisture,  and  the  same 
circumstance  explains  the  rather  low  percentage  of  eggs  which 
hatched  in  several  other  control  lots.  In  great  contrast  to  the  high 
percentage  of  eggs  hatching  among  those  deposited  by  ticks  from 
untreated  cattle  is  the  fact  that  out  of  approximately  70  lots  of  ticks  ^ 
from  treated  cattle  only  4  lots  deposited  eggs  which  hatched.  The  data 
concerning  these  4  lots  of  ticks  are  as  follows:  Three  ticks,  removed 
from  cattle  immediately  after  spraying  with  a  dip  containing  an 
equivalent  of  0.217  per  cent  arsenic  trioxid  but  in  which  the  sodium 
arsenite  had  become  largely  oxidized  to  sodium  arsenate,  deposited 
eggs  of  which  5  per  cent  hatched.  Twenty  out  of  48  ticks  removed 
from  cattle  2  days  after  dipping  in  a  dip  containing  an  equiva- 
lent of  0.202  per  cent  arsenic  trioxid  deposited  eggs  of  which  1 
per  cent  hatched,  and  in  the  same  experiment  10  out  of  22  ticks 
removed  3  days  after  dipping  deposited  eggs  of  which  1  per  cent 
hatched.  The  fourth  case  was  that  of  a  tick  removed  from  a  calf 
4  days  after  dipping  in  a  dip  containing  an  equivalent  of  0.215  per 
cent  arsenic  trioxid.  This  tick  deposited  numerous  eggs,  about  half 
of  which  hatched. 

Judging  from  these  results  it  would  appear  that  the  hatching  of 
eggs  deposited  by  ticks  which  survived  treatment  with  arsenical  dips 
is  a  rather  rare  occurrence.  Furthermore,  it  has  b^en  noted  that  the 
larva^  from  eggs  deposited  by  females  which  have  been  subjected  to 
arsenical  solutions  are  frequently  in  such  a  weakened  condition  that 
they  can  not  emerge  from  the  eggshell,  or  become  lodged  in  the  open- 
ing of  the  ruptured  shell  and  fail  to  extricate  themselves,  or  show 
such  slowness  of  movements  after  emerging  as  to  make  one  believe 
that  they  could  not  effect  a  successful  attachment  after  reaching  a 

^Thls  includes  all  of  the  different  lots  of  ticks  collected  from  the  treated  cattle  In  the 
various  experiments,  with  the  exception  of  Experiment  No.  5,  which  is  omitted  from  con- 
sideration on  account  of  the  fact  that  the  dip  used  contained  an  unusually  low  percentage 
of  arsenic.  ^^ 
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host,  a  condition  of  the  larvae  which  has  also  been  noticed  in  the  case 
of  eggs  subjected  to  unfavorable  conditions,  such  as  a  low  relative 
humidity  and  low  temperatures. 

The  effects  obtained  when  engorged  ticks  are  taken  from  untreated 
cattle  and  immersed  in  arsenical  dips  for  2  minutes  are  very  much  the 
same  as  those  observed  when  the  ticks  are  removed  from  cattle  after 
treatment.  Sixteen  lots  of  15  to  123  ticks  each  were  thus  treated.  In 
5  of  the  lots  none  of  the  ticks  oviposited ;  in  the  remainder  3.4  to  100 
per  cent  deposited  eggs.  In  each  of  the  control  lots,  composed  of 
8  to  105  ticks  each,  95  to  100  per  cent  of  the  ticks  oviposited.  The 
number  of  eggs  deposited  by  each  treated  tick  which  survived  to 
oviposit  averaged  much  less  than  in  the  case  of  the  untreated  ticks. 
In  the  case  of  only  2  lots  of  treated  ticks  did  any  of  the  eggs  hatch. 
These  2  lots  were  treated  with  a  neutral  and  an  alkaline  solution, 
respectively,  of  sodium  arsenate  equivalent  to  0.22  per  cent  arsenic 
trioxid.  One  and  2  per  cent,  respectively,  of  the  eggs  hatched.  In 
the  control  lot  99  per  cent  of  the  eggs  hatched.  In  view  of  the  close 
correspondence  between  the  results  of  the  experiments  in  which  en- 
gorged ticks  were  kept  under  observation  after  their  removal  from 
treated  cattle,  and  results  of  the  experiments  in  which  engorged  ticks 
were  removed  from  untreated  cattle  and  kept  under  observation  after 
immersion  for  a  short  time  in  arsenical  dips,  it  is  evident  that  experi- 
ments of  the  latter  kind  are  useful  in  that  they  furnish  an  indication 
of  the  efficacy  of  arsenical  dips  so  far  as  engorged  or  nearly  engorged 
ticks  are  concerned. 

No  more  is  known  as  to  the  exact  way  in  which  the  poisonous 
action  of  arsenic  takes  effect  upon  the  eggs  of  ticks  than  is  known  as 
to  the  way  in  which  it  takes  effect  upon  the  ticks  themselves.  The 
fact  that  the  eggs  have  been  injured  becomes  apparent  soon  after 
deposition,  sometimes  immediately.  Those  which  have  been  in- 
juriously affected  are  then  readily  distinguished  by  their  dark  color 
and  shriveled  condition. 

The  two  series  of  photographs  given  in  Plates  XVI  to  XXI,  in 
which  the  appearance  of  treated  and  untreated  ticks  may  be  com- 
pared, show  very  strikingly  some  of  the  effects  of  arsenical  dips  upon 
ticks  and  their  eggs. 

Summing  up  the  numerous  observations  which  have  been  made 
as  to  the  effects  of  arsenical  dips  upon  engorged,  partially  engorged, 
and  young  female  ticks,  it  will  be  noted  that  cattle  were  generally 
free  from  engorged  ticks  within  a  week  after  treatment ;  that  of  the 
ticks  which  were  present  in  the  engorged  stage  at  the  time  of  treat- 
ment or  which  subsequently  reached  the  engorged  stage  only  a  few, 
as  a  rule,  deposited  eggs;  that  the  number  of  eggs  deposited  was 
nmch  less  than  normal,  and  that  very  few  of  the  eggs  hatched. 
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MALE  TICKS. 

Very  few  male  ticks  were  found  alive  on  cattle  later  than  a  day 
or  two  after  treatment,  and  it  is  probable  that  most  of  these  were 
ticks  which  were  in  the  nymphal  stage  at  the  time  of  treatment.  It 
may  therefore  be  concluded  that  arsenical  dips  are  highly  efficacious 
so  far  as  the  destruction  of  male  ticks  is  concerned. 

NYMPHS    AND   LARV^. 

It  was  found  in  the  experiments  with  arsenical  dips  that  the  vast 
majority  of  nymphs  were  killed  by  a  single  treatment.  In  several 
experiments,  however,  some  of  the  nymphs  survived  and  afterwards 
molted.  Supplementing  the  observations  made  on  nymphs  in  situ 
on  cattle  after  treatment,  observations  .were  made  on  nymphs  re- 
moved from  their  hosts  subsequent  to  treatment  after  the  lapse  of 
varying  periods  of  time.  These  observations  showed  that  in  the 
case  of  12  lots  none  of  the  nymphs  molted ;  and  that  in  the  case  of 
4  lots  8  to  50  per  cent  molted.  Nymphs  removed  from  untreated 
cattle  and  kept  under  the  same  conditions  as  controls  usually  molted, 
10  to  100  per  cent  in  9  lots,  only  1  lot  being  collected  in  which  all 
the  nymphs  failed  to  molt. 

No  instance  was  observed  in  any  of  the  experiments  of  the  survival 
of  ticks  in  the  larval  stage  after  a  single  treatment  with  an  arsenical 
dip.  While  the  possibility  of  such  an  occurrence  must  be  admitted, 
it  seems  certain  that  the  survival  of  larvae  after  treatment  with  an 
arsenical  dip  of  proper  strength  would  be  very  exceptional,  and  for 
practical  purposes  it  seems  safe  to  assume,  until  evidence  can  be 
obtained  to  the  contrary,  that  arsenical  dips  are  entirely  efficacious 
so  far  as  concerns  ticks  in  the  larval  stage. 

protective  action  of  arsenical  dips. 

Little  evidence  has  been  obtained  as  to  the  degree  of  protection 
against  reinfection  afforded  by  arsenical  dips  or  as  to  the  length  of 
time  after  treatment  that  such  protective  action  continues.  It  seems, 
however,  that  cattle  are  protected  from  reinfection,  at  least  to  some 
extent,  during  several  days  after  treatment.  The  results  obtained  by 
Watkins-Pitchford  with  regard  to  the  accumulation  of  arsenic  in 
the  skin  and  the  toxicity  of  regularly  treated  animals,  already  re- 
ferred to,  would  seem  to  show  that  an  arsenical  dip  may  protect  cattle 
considerably  against  reinfection.  Owing  to  the  imcertainty  as  to 
this  point,  however,  it  is  unsafe  to  place  any  reliance  upon  the  pro- 
tective action  of  arsenical  dips,  and  it  should  be  assumed  that  treated 
cattle  are  liable  to  reinfection  if  exposed  at  any  time  after  the  arsen- 
ical solution  has  become  dry  upon  their  bodies. 
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GENERAL  SUMMARY  OF  RESULTS  OF  EXPERIMENTS. 

Arsenical  dips  which  do  not  contain  more  than  0.24  per  cent  arsenic 
(reckoned  as  arsenic  trioxid)  may  be  safely  used  for  dipping  cattle, 
provided  proper  precautions  are  observed. 

Larval  ticks  are  killed  by  a  single  application  of  arsenical  dip  of 
proper  composition. 

Most  nymphal  ticks  are  killed  by  a  single  application  of  arsenical 
dip,  but  some  may  survive  and  afterwards  molt.  No  instance  has 
been  observed  in  which  nymphs  have  survived  and  reached  maturity 
after  two  treatments  7  to  10  days  apart. 

Adult  male  ticks  rarely  survive  one  treatment  and  have  never  been 
observ^ed  to  survive  two  treatments  with  arsenical  dips  of  proper 
strength. 

Adult  female  ticks  commonly  remain  alive  on  cattle  for  several 
days  after  a  single  treatment  with  arsenical  dip.  The  younger  the 
adult  ticks  are  the  less  likely  they  are  to  survive.  Some  of  those 
which  are  engorged  at  the  time  of  treatment,  or  which  afterwards 
reach  engorgement,  may  deposit  eggs.  The  number  of  eggs  deposited 
by  such  ticks  is  less  than  normal  and  hatching  rarely  occurs. 

Cattle  become  free  or  practically  free  from  engorged  ticks  within  a 
week  after  a  single  treatment. 

Cattle  may  be  rendered  free  from  ticks  in  all  stages  by  dipping 
twice  in  an  arsenical  dip  of  proper  strength,  with  an  interval  of  7 
to  10  days  between  dippings. 

PRACTICAL  SIGNIFICANCE  OF  THE   RESULTS   OF   EXPERIMENTS 
WITH  ARSENICAL  DIPS. 

In  considering  the  practical  application  of  the  results  of  the  experi- 
ments with  arsenical  dips  it  should  first  of  all  be  noted  that  though 
arsenic  has  a  marked  effect  on  all  stages  of  the  ticks,  none  of  the 
arsenical  dips  tested  has  proved  sufficiently  efficacious  to  insure  a 
tick-free  condition  of  cattle  by  means  of  a  single  application  of  the 
dip.  As  we  know  them  at  present,  therefore,  arsenical  dips  must  be 
considered  as  fulling  short  of  the  ideal  of  perfect  efficacy. 

The  question  then  arises  whether  with  their  admitted  imperfec- 
tions arsenical  dips  may  be  used  with  advantage  in  the  eradication 
of  ticks.  This  question  may  be  unhesitatingly  answered  in  the 
affirmative.  Arsenical  dips  are  undoubtedly  of  very  great  value  in 
tick  eradication,  and,  all  things  considered,  no  better  dip  for  the 
destruction  of  ticks  has  yet  been  discovered.  This  has  been  demon- 
strated not  only  by  experimental  work  but  also  by  the  results  obtained 
from  an  extensive  practical  use  of  arsenical  dips  by  many  owners  of 
live  stock  in  Texas,  Oklahoma,  and  California. 
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The  practical  application  of  the  results  of  the  experiments  with 
arsenical  dips  may  be  considered  mider  several  headings  as  follows: 

1.  Composition  of  the  dip. 

2.  Method  of  application. 

3.  Number  and  frequency  of  applications. 

4.  Handling  the  cattle. 

.     COMPOSITION  OF  TIIE  DIP. 

The  investigations  thus  far  carried  out  have  not  been  extensive 
enough  to  enable  a  definite  statement  to  be  made  as  to  the  minimum 
percentage  of  arsenic  required  to  give  an  arsenical  dip  a  sufficiently 
high  degree  of  efficacy  to  make  it  of  practical  value.  Moreover,  it  is 
probable  that  under  some  conditions  a  stronger  dip  will  be  neces- 
sary to  obtain  satisfactory  results  than  under  other  conditions,  and 
it  is  probable  also  that  in  many  cases  a  rather  weak  dip  may  be  used 
to  advantage  when  a  stronger  dip  would  be  undesirable  on  account 
of  possible  injurious  effects  on  cattle — for  example,  in  the  case  of  re- 
peated treatments  during  very  hot  weather.  The  experiments  indi- 
cate that  dips  containing  as  high  as  0.24  per  cent  arsenic  (reckoned 
as  arsenic  trioxid)  may  be  used  without  imduly  injuring  cattle.  It 
has  been  assumed  that  this  is  the  maximum  strength  at  which  dips 
containing  arsenic  in  the  form  of  sodium  arsenite  or  potassium 
arsenite  may  be  used  without  too  great  risk  of  injury.  In  view  of 
the  fact  that  in  one  experiment  an  arsenical  dip  containing  some- 
what less  than  an  equivalent  of  0.2  per  cent  proved  less  efficacious 
than  dips  in  other  experiments  which  contained  an  equivalent  of 
approximately  0.2  per  cent  or  more  of  arsenic  trioxid,  0.2  per  cent 
was  selected  as  an  arbitrary  minimum  limit.  The  mean  between  the 
minimum  and  maximum  limits,  or  0.22  per  cent,  may  therefore  be 
taken  as  an  arbitrary  standard;  arid  a  dip  to  have  the  maximum  de- 
gree of  efficacy,  so  far  as  this  may  be  attained  without  great  risk  of 
injury  to  cattle,  should  not  deviate  more  than  very  slightly  above 
or  below  this  standard  of  0.22  per  cent. 

The  arsenical  dips  commonly  used  and  with  special  reference  to 
which  most  of  the  experimental  work  has  been  done  are  based  on  a 
modification  of  Dr.  Mayo's  formula  given  in  the  introduction  of  the 
present  article.  Directions  for  preparing  such  a  dip  so  that  it  will 
conform  to  the  standard  which  has  been  selected  are  as  follows : 

In  preparing  each  500  gallons  of  the  standard  arsenical  solution 
there  shall  be  used  10  poimds  of  finely  powdered  white  arsenic  con- 
taining not  less  than  99  per  cent  of  arsenic  trioxid,  25  poimds  of  sal 
soda,  and  1  gallon  of  pine  tar.  The  arsenic  and  sal  soda  shaU  be 
boiled  together  in  not  less  than  25  gallons  of  water  for  15  minutes, 


Digitized  by  LjOOQ IC 


27th  An.  Rpt.  ,  BuR.  Animal  Industry,  U.  S.  Dept.  Agr.  .  1910, 


Plate  XIX. 


Fig.  1.— Seven  Fully  Engorged  and  Seventeen  Partially  Engorged  Female  Ticks. 

Experiment  No.  11.  Collected  from  a  calf  the  next  day  after  dipping  In  an  arsenic  and  plne-tar 
solution  containing  an  equivalentof  0.215  per  cent  arsenic  trioxia.  Tne  average  weight  of  eggs  per 
liclc  deposited  by  this  lot  (including  all  ticlcs  whether  they  oviposited  or  not)  was  2.1  milligrams, 
and  none  of  them  hatched.    Natural  size;  from  a  photograph  talceu  17  days  after  collection. 


Fig.  2.— Engorged  Female  Tick. 

ExpTiment  Xo.  11.  Colloctcd  from  an  undipped  calf  one  day  earlier  than  those  shown  in  Fig.  1, 
and  kt'pt  under  the  same  conditions.  The  weight  of  eggs  deposited  l)y  this  tick  was  12.(1  milliRrams, 
and  40i>erc-enl  of  them  hatched.    Natural  size;  from  aphotograph  taken  is  days  after  collect  ion. 
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Plate  XX. 


Fig.  1.— Seven  Fully  Engorged  and  Ten  Partially  Engorged  Female  Ticks. 

Experiment  No.  11.  Collected  from  a  calf  two  days  after  dipping  in  an  arsenic  and  plne-tar  solution 
containing  an  equivalent  of  0.215  per  cent  arsenic  trioxiu.  The  average  weight  of  eggs  per  tick 
deposited  by  this  lot  (including  all  ticks  whether  they  ovipasited  or  not)  was  3  milligrams,  and 
none  of  them  hatched.    Natural  size;  from  a  photograph  taken  10  days  after  collection. 


Fig.  2.— Five  Fully  Engorged  and  Three  Partially  Engorged  Female  Ticks. 

Experiment  No.  11.  Collected  from  an  undipped  calf  one  day  later  than  those  shown  in  Fig.  1,  and 
kept  under  the  same  conditions.  The  average  weight  of  eggs  j*er  lick  deposite<l  l»v  this  lot  (in- 
cluding all  ticks  whether  they  oviposited  ornot)  was  os.o  milligrams,  and  99  i)er  cent  of  them  hatched. 
Natural  size;  from  a  photograph  taken  lb  days  after  colleciion. 
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Plate  XXI. 


1.— Fifty-one  Engorged  Female  Ticks. 


Experiment  No.  12.  After  dipping  in  an  arsenic  and  pine-tar  solution  containing  an  equivalent  of 
0.215  per  cent  arsenic  trioxia.  All  of  them  died  witLout  depositing  eggs.  Natural  sl/.e;  from  a  pho- 
tograph taken  4  day<i  after  dipping. 


Fig.  2.— Forty   Engorged  Female  Ticks. 

Experiment  No.  12.  Collected  from  an  undippd  calf  on  the  same  date  as  those  shown  in  Fig.  1 
and  kept  under  the  same  conditions,  but  not  dipped.  The  average  weight  of  eggs  per  \  ick  deposited 
bv  this  lot  (including  all  ticks  whether  they  oviposited  or  not)  was  53.4  milliurains,  and  GO  i>eroen' 
ot  them  hatched.    Natural  sir^;  from  photograph  taken  on  same  date  as  tha^f^^^i^^s^'^^i^jwji^^Fi^Jl^^ 
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or  longer  if  necessary  to  effect  complete  solution  of  the  arsenic.  Be- 
fore the  pine  tar  is  added  the  temperature  of  the  solution  shall  be 
reduced  to  140°  F.  This  may  be  done  by  the  addition  of  cold  water. 
The  pine  tar  shall  then  be  added  in  a  small  stream  while  the  solution 
is  thoroughly  stirred,  after  which  the  solution  shall  be  immediately 
diluted  with  clear  water  suflScient  to  make  500  gallons  of  dip.     . 

The  cooling  of  the  arsenic  and  sal-soda  solution  before  the  addition 
of  the  pine  tar  is  important,  as  otherwise  an  imperfect  mixture  hav- 
ing a  curdled  appearance  is  likely  to  result. 

It  has  already  been  noted  that  the  quantity  of  sal  soda  used  in  the 
above  formula  is  in  excess  of  the  amount  actually  needed  to  combine 
with  all  the  arsenic,  but  until  it  can  be  shown  that  the  efficacy  of  the 
dip  in  no  way  depends  upon  the  presence  of  this  excess  of  soda  the 
proportionate  amount  of  sal  soda  should  not  be  reduced. 

In  cases  wherein  it  is  considered  expedient  to  use  a  weaker  dip 
the  amoimt  of  arsenic  may  be  reduced  to  8  pounds  per  500  gallons 
of  dip,  but  for  all  official  dippings  the  standard  amount  of  10  pounds 
to  500  gallons  is  required. 

METHOD  OF   APPLICATION. 

There  are  two  practicable  methods  of  applying  arsenical  dips, 
namely,  spraying  and  dipping. 

Spraying  is  not  practicable,  except  in  the  case  of  very  small  herds, 
unless  a  spraying  machine  is  used.  Spraying  machines,  however, 
have  proved  less  satisfactory  than  dipping  vats,  and  it  is  therefore 
preferable  to  use  a  dipping  vat  whenever  more  cattle  are  to  be  treated 
than  it  is  practicable  to  treat  by  means  of  hand  spray  pumps.  Hand 
spraying  is  not  only  more  tedious  than  dipping  but  it  is  also  less 
efficacious,  as  there  is  not  the  same  certainty  of  getting  a  thorough 
application  of  the  dip  even  when  the  greatest  care  is  used.  Conse- 
quently the  dipping  vat  is  much  more  reliable  than  the  spray  pump. 
It  is  also  more  economical  whenever  niore  than  a  very  few  animals 
are  to  be  treated. 

A  dipping  vat  for  cattle  should  be  large  enough  to  afford  a  bath 
at  least  5J  feet  in  depth,  and  unless  the  cattle  when  dipped  are  held 
in  the  bath,  the  vat  should  measure  at  least  40  feet  in  length  at  the 
surface  of  the  dip.  If  a  shorter  vat  is  used,  the  cattle  should  be  held 
in  the  bath  at  least  15  seconds,  better,  half  a  minute,  otherwise  they 
are  liable  to  get  through  the  bath  without  being  thoroughly  wet  to 
the  skin,  particularly  if  the  hair  is  long.  A  steep  slide  at  the 
entrance  of  the  vat  is  desirable  in  order  to  insure  a  plunge  which 
will  carry  the  cattle  entirely  imder  the  surface  of  the  bath.^ 

*  Bureau  of  Animal  Industry  Circular  183  contains  plana  and  specifications  for  a  short 
dipping  yat  suitable  for  use  in  ordinary  eradication  work. 


Digitized  by  LjOOQ IC 


282  27TH  BEPORT.  BUREAU  OF  ANIMAL  INDUSTRY. 

NUMBER    AND    FREQUENCY    OF    APPLICATIONS. 

From  the  data  obtained  in  the  experimental  work  it  appears  that 
one  treatment  with  an  arsenical  dip  is  insufficient  to  free  cattle  from 
ticks.  Subsequent  to  dipping,  ticks  continue  to  reach  engorgement 
and  fall  from  the  cattle  for  several  days,  and  a  few  nymplis  are 
liable  to  survive,  molt,  and  possibly  continue  their  development  to 
the  engorged  stage.  On  the  other  hand,  no  instance  has  been  re- 
corded in  which  a  tick  survived  two  thorough  applications  of  an 
arsenical  dip,  given  7  to  10  days  apart,  and  reached  fertile  maturity, 
and  no  larva?  have  been  observed  that  have  survived  a  single  treat- 
ment. The  results  of  the  experiments  therefore  show  that  cattle  may 
be  freed  from  ticks  by  two  treatments  with  an  arsenical  dip. 

Although  the  possibility  of  ticks  surviving  two  treatments  and 
maintaining  the  ability  to  reprofluce  is  always  present,  the  experi- 
mental work  shows  that  such  an  occurrence  must  be  very  rare,  pro- 
vided the  treatments  are  thorough;  and  it  is  therefore  proper  to 
assume,  as  a  working  basis,  that  two  treatments  are  entirely  effica- 
cious. Accordingly,  it  may  be  stated  as  a  tentative  conclusion  that 
after  two  thorough  treatments  cattle  may  be  placed  on  uninfested 
ground  with  practically  no  danger  of  carrying  with  them  any  ticks 
capable  of  perpetuating  the  species.  In  practice,  therefore,  when 
cattle  are  to  be  treated  for  the  purpose  of  ridding  them  of  ticks  so 
that  they  may  be  put  in  uninfested  pastures  or  other  tick- free  places, 
they  should  be  dipped  twice,  with  an  interval  of  7  to  10  days  between 
dippings,  using  a  full-strength  arsenical  dip. 

When  cattle  are  to  continue  occupying  the  same  pasture  or  range, 
the  question  of  the  number  and  frequency  of  treatments  is  somewhat 
different.  In  this  case  the  rule  would  be  to  give  repeated  treatments 
at  intervals  of  not  over  three  weeks.  Usually  more  than  three  weeks 
and  rarely  less  than  this  time  is  required  for  larval  ticks  after  reach- 
ing a  host  to  complete  their  development  to  the  engorged  stage. 
Hence  if  cattle  were  treated  every  three  weeks,  practically  all  of  the 
ticks  which  they  picked  up  in  the  meantime  would  be  subjected  to 
treatment.  Scarcely  any  would  escape  and  deposit  eggs,  and  when  it 
is  considered  that  the  average  number  of  eggs  deposited  by  each  tick 
surviving  treatment  would  be  less  than  normal  and  that  only  a  small 
proportion  would  hatch,  it  is  evident  that  the  amoimt  of  infection  of 
cattle  and  pastures  would  greatly  and  rapidly  diminish.  Practical  ex- 
perience has  demonstrated  that  complete  eradication  may  be  accom- 
plished in  this  way,  the  probable  explanation  being  that  even  if  ticks 
occasionally  survive  dipping,  the  number  is  reduced  below  the  mini- 
mum necessary  to  insure  the  survival  of  the  species.  In  other  words,  in 
those  localities  where  ticks  are  established,  their  fecundity  is  sufficient 
for  the  perpetuation  of  the  species  under  ordinary  conditions,  but  if 
the  vast  majority  of  individuals  that  find  a  host  are  destroyed,  a 
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point  is  soon  reached  in  the  numerical  reduction  b^low  which  it  is 
impossible  for  the  species  to  maintain  itself.  No  set  rule  can  be 
formulated  at  present  as  to  the  number  of  times  it  will  be  necessary 
to  repeat  the  treatment  with  arsenical  dip  to  bring  about  eradica- 
tion, but  a  general  rule  would  be  to  continue  the  treatment  until  the 
ticks  had  apparently  disappeared,  then  discontinue  it,  and  if  at  any 
time  ticks  are  again  observed,  resume  the  treatment,  keeping  always 
on  the  lookout  for  signs  of  ticks,  just  as  a  physician,  in  the  case  of 
diseases  liable  to  reappear  when  apparently  cured,  watches  for  symp- 
toms indicating  a  recurrence  of  the  malady. 
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FiQ.  22. — Plan  of  dralDing  pen  for  cattle  after  dipping. 


HANDLING   THE   CATTLE. 


Cattle  should  not  be  treated  with  arsenical  dips  when  tired  or 
thirsty,  and  after  treatment  they  should  not  be  allowed  to  drain  in 
places  where  the  dip  dripping  from  their  bodies  will  form  pools 
which  they  may  drink,  or  where  grass  or  fodder  will  become  soaked 
with  the  dip.  For  a  week  or  so  after  treatment,  especially  in  hot 
weather,  cattle  should  not  be  driven  hard  or  allowed  to  run  or  be- 
come overheated.  After  treatment  cattle  may,  however,  be  safely 
shipped  by  rail,  even  though  they  are  loaded  as  soon  as  their  bodies 
become  dry. 
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When  cattle  ate  to  be  freed  from  ticks  by  two  treatments  a  special 
arrangement  of  the  dipping  plant  and  yards  for  handling  the  cattle 
is  necessary,  so  that  after  the  second  dipping  they  will  not  be  exposed 
to  reinfection.  Certain  yards  and  the  alleyways  leading  to  them 
from  the  draining  pen  must  be  reserved  exclusively  for  cattle  which 
have  been  twice  dipped.  These  yards  and  alleyways  must  be  free 
from  infection,  and  must  not  be  used  for  any  cattle  except  those  which 
have  been  twice  dipped  or  are  known  to  be  free  from  ticks.  For 
several  days  after  the  first  dipping  cattle  are  likely  still  to  harbor 
ticks  able  to  reproduce;  hence  it  is  unsafe  to  place  them  in  yards  or 
pastures  which  it  is  desirable  to  keep  free  from  infection ;  and  as  the 
second  dipping  will  destroy  any  larvae  which  they  may  pick  up  in  the 
meantime,  cattle  should  be  kept  between  dippings  in  places  which  are 
either  definitely  known  to  be  infested  or  which  it  is  not  desired  be 
kept  free  from  ticks.  After  the  second  dipping,  however,  cattle  must 
be  guarded  from  exposure  to  infection;  hence  from  the  time  they 
leave  the  draining  pens  they  must  not  pass  over  or  occupy  any  places 
infested  with  ticks.  In  order  thus  to  handle  cattle  either  two  dipping 
vats  will  be  required  or  if  the  same  vat  is  used  for  both  dippings  some 
arrangement  must  be  made  whereby  cattle  may  be  brought  from  the 
draining  pens  to  their  respective  yards  after  the  first  and  second  dip- 
pings by  entirely  different  routes.  This  may  be  readily  done  if  a 
single  draining  pen  is  used,  in  whidi  case  the  two  alleyways  for  once- 
dipped  and  twice-dipped  cattle,  respectively,  may  lead  away  in  dif- 
ferent directions  from  the  draining  pen.  If,  however,  the  common 
type  of  double  draining  pen  is  used  it  will  be  necessary  to  add  a  third 
section  (as  shown  in  the  diagram,  fig.  22)  in  order  that  separate 
routes  for  once-dipped  and  twice-dipped  cattle  may  be  provided  for. 
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THE  LIVE-STOCK  INDUSTRY   OF  HONDURAS. 

By  WiixiAM  Thompson,  M.  D.  C,  Veterinary  Inspector, 

AND 

James  E.  Downing,  Expert  in  Stock  Investigations, 

In  consequence  of  numerous  applications  having  been  made  to  the 
United  States  Department  of  Agriculture  by  the  Government  of 
Honduras,  and  also  by  certain  financial  interests  of  New  Orleans, 
La.,  and  other  persons  interested  in  the  growing  of  cattle  in  Hon- 
duras, for  permission  to  import  Honduran  cattle  into  the  United 
States,  particularly  via  the  port  of  New  Orleans,  for  the  purpose  of 
slaughter,  and  the  Government  of  Honduras  being  unable  to  furnish 
any  definite  information  relative  to  the  existence  or  nature  of  the 
live-stock  diseases  which  might  be  prevalent  in  that  country,  the 
Secretary  of  Agriculture  determined  to  send  representatives  from 
the  Bureau  of  Animal  Industry  to  make  a  tour  of  that  country  to 
obtain  information  at  first  hand  relative  to  the  conditions  and  preva- 
lent diseases  affecting  Honduran  live  stock.  Reliable  information 
on  this  subject  was  necessary  in  order  to  enable  the  department  to 
determine  whether  or  not  the  importation  of  cattle  from  Honduras 
could  be  permitted  under  the  law  which  prohibits  the  importation  of 
"  neat  cattle,  sheep,  and  other  ruminants  and  swine  which  are  dis- 
eased or  infected  with  any  disease,  or  which  shall  have  been  exposed 
to  such  infection  within  60  days  next  before  their  exportation."  ^ 

The  writers  of  this  article  were  detailed  to  make  the  investigation. 
Meeting  at  New  Orleans  March  22,  1910,  we  were  joined  there  by 
Mr.  Hmnberto  Ferrari,  a  member  of  the  consular  service  of  Honduras, 
who,  as  representative  of  the  Honduran  Government,  accompanied 
us  throughout  the  greater  part  of  our  journeys  in  Honduras  in  order 
to  act  as  interpreter  and  to  obtain  for  us  all  possible  native  assist- 
ance and  cooperation.  Mr.  Ferrari  accomplished  this  task  with  tact 
and  courtesy  and  proved  to  be  a  very  agreeable  and  acceptable  com- 
panion throughout  the  expedition. 

After  purchasing  part  of  the  outfit  required  for  the  expedition, 
the  party  sailed  from  New  Orleans  March  24,  arriving  at  Puerto 
Cortes  JVIarch  29,  where  we  were  met  by  a  reception  committee  of 
three,  who  welcomed  the  party  in  the  name  of  the  governor  of  the 
department  of  Cortes  and  of  the  Honduran  Government. 

lAct  of  Congress  approved  Aug.  30,  1890  (26  Stat  L.,  416),  sec.  6. 
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From  Puerto  Cortes  we  proceeded  by  rail  to  San  Pedro,  where 
we  established  our  headquarters.  On  arrival  there  the  first  thing 
to  be  done  was  to  ascertain  what  departments  were  considered  as 
the  principal  cattle  sections,  and  to  formulate  an  itinerary  or  out- 
line of  the  territory  which  should  be  traversed  to  enable  us  to  arrive 
at  definite  conclusions  respecting  the  prevalence  of  animal  diseases, 
including  southern  cattle  fever,  which  conclusions  might  be  generally 
applied  to  the  country  at  large,  as  it  was  obviously  impossible  to  visit 
every  hamlet  in  such  a  sparsely  settled  and  mountainous  country  as 
Honduras.  It  appeared  from  the  best  information  obtainable  at 
San  Pedro  that  most  of  the  cattle  were  to  be  found  in  the  depart- 
ments of  Choluteca  and  Olancho,  on  the  southern  and  southeastern 
side  of  the  country,  with  here  and  there  small,  scattered  valleys  or 
cattle  districts. 

ITINERARY. 

From  this  it  was  determined  that  by  making  a  circuit  of  the  coun- 
try, passing  through  the  departments  of  Cortes,  Comayagua,  Tegu- 
cigalpa, Valle,  Choluteca,  El  Paraiso,  Olancho,  and  Yoro,  to  Tru- 
jillo  in  the  department  of  Colon,  thence  to  La  Ceiba,  department  of 
Atlantida,  and  from  there  back  to  Puerto  Cortes  and  San  Pedro, 
suflScient  territory  would  be  covered  to  enable  us  to  accomplish  the 
object  in  view.  This  plan  was  adopted  and  followed,  the  members 
of  the  party  being  fully  satisfied  that  the  extent  of  the  territory 
covered  served  the  purpose  of  the  expedition  and  that  no  further 
knowledge  would  be  acquired  by  visiting  the  smaller  departments 
bordering  on  Salvador  and  Guatemala,  nor  the  larger  northeastern 
department  of  Mosquitia,  wild  and  uninhabited  save  by  Indian 
tribes.  This  itinerary  made  an  estimated  journey  of  1,325  miles  on 
mule  back  and  50  miles  by  railroad,  and  occupied  the  time  from 
March  29  to  July  7,  inclusive.  On  the  latter  date  we  left  Puerto 
Cortes  for  New  Orleans.  The  route  traveled  and  the  places  where 
inspections  were  made  are  shown  in  detail  on  the  accompanying  map 
(fig.  23). 

TOPOGRAPHY. 

The  word  Honduras  signifies  in  the  Spanish  language  depths,  or 
holes,  and  it  is  very  appropriately  applied  to  the  country  of  that 
name,  as,  excepting  small  areas  on  the  northern  and  southern  coasts, 
the  entire  country  is  made  up  of  mountains  and  the  depths  or  valleys 
lying  between.  Owing  to  the  sparse  population  and  the  natural 
topographical  obstacles,  wagon  roads  and  railroads  are  few,  short, 
and  limited  to  the  coast  sections,  so  that  practically  all  travel  in  that 
country  is  performed  either  afoot  or  on  mule  back.  The  lack  of 
adequate  means  of  internal  commimication  is  a  great  drawback  to 
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the  development  of  the  country.  The  roads,  so  called,  are  mere 
bridle  paths  leading  over  the  steepest  and  roughest  mountains,  where 
in  some  places  the  path  is  either  so  narrow  and  precipitous  or  so 
obstructed  by  fallen  trees  or  jungle  growth  as  to  cause  the  stranger 
some  apprehension  on  attempting  the  difficult  and  perilous  passage. 
Fortunately,  the  season  was  dry  at  the  time  of  our  visit,  so  that  we 
were  not  delayed  by  the  slippery  trails,  swollen  streams,  and  im- 
passable fords  which  attend  the  winter  or  rainy  season.  The  loads 
that  can  be  carried  by  the  mules,  which  are  the  beasts  of  burden,  are 
small,  and  progress  over  the  mountainous  countiy  is  necessarily  slow. 
After  spending  some  days  at  San  Pedro  while  assembling  and  try- 
ing out  the  outfit  and  mules  in  making  day  journeys  to  ranches  in  the 
vicinity,  the  expedition,  or  "  cattle  commission,"  as  it  was  called  in 
Honduras,  left  San  Pedro  April  8  on  its  journey  toward  the  capital, 
Tegucigalpa.  We  went  by  rail  from  San  Pedro  to  Pimienta,  the  end 
of  the  line,  where  we  swam  the  mules  across  the  Ulua  Eiver,  and  fer- 
rying over  with  our  baggage  we  bade  good-by  to  modern  means  of 
transit,  resigned,  perforce,  henceforth  to  cover  the  1,300  miles  of  our 
proposed  journey  on  the  back  of  the  patient  and  enduring  mule. 

CLIMATE,  PRODUCTS,  AND  FORAGE. 

Fanned  by  the  northeastern  trade  winds,  Honduras  possesses  an 
equable  and  agreeable  climate,  particularly  in  the  interior  elevated 
regions.  The  days  are  never  excessively  warm  and  the  nights  are  in- 
variably cool.  Away  from  the  coast  one  is  seldom  disturbed  by  mos- 
quitoes. The  country  is  well  covered  with  timber,  mostly  pine. 
Streams  and  rivulets  of  clear,  pure  water  abound  almost  everywhere. 
The  soil  is  rich,  and  a  variety  of  products  are  grown,  such  as  coconuts, 
bananas,  sugar  cane,  tobacco,  com,  coffee,  cacao,  and  rice.  Horses, 
mules,  burros,  cattle,  sheep,  goats,  and  hogs  may  be  found  near  every 
habitation.  Most  of  the  pasturage  consists  of  native  or  wild  grasses, 
and  during  the  rainy  season  forage  is  abundant  everywhere.  During 
the  dry  season  the  open  range  is  considerably  overstocked,  the  cattle 
being  at  the  time  of  our  visit  in  very  poor  condition  for  want  of  suf- 
ficient forage  and  because  of  heavy  tick  infestation.  On  the  coast 
lands  and  in  the  interior  well  watered  valleys,  or  where  irrigation  is 
practicable,  permanent  fenced  pastures  are  used.  These  are  planted 
or  sown  to  "  guinea  "  or  "  para  "  grass,  either  of  which  provides  a 
plentiful  and  succulent  forage.  Cattle  grazed  on  these  pastures  were 
found  to  be  in  excellent  condition. 

In  nearly  every  part  of  Honduras  there  is  land  suited  to  the  rais- 
ing of  live  stock  in  a  limited  way.  There  are  two  departments,  how- 
ever— Olancho  and  Choluteca — where  three-fourths  of  the  cattle  of 
the  country  are  raised. 
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Plate  XXII. 


Fig.  1  .—Mode  of  Traveling  in  Honduras. 


Fig.  2.— a  Mountain  Ranch  in  Honduras,  with  Native  Cattle. 
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Plate  XXIII. 


Fig.  1.— Native  Honduran  Bull. 


FiQ.  2.— Half-Blood  Shorthorn  Bull,  Showing  Marked  Improvement  Over 

Native  Type. 
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In  soil,  grass,  and  climate,  the  country  is  well  adapted  to  stock 
raising.  According  to  a  circular  report  in  1909  the  lowest  tempera- 
ture recorded  on  the  highlands  was  42°  F.,  and  the  highest  register 
on  the  lowlands  was  97°  F.  The  Pacific  side  is  comparatively  dry, 
but  two-thirds  of  the  country  trends  toward  the  Atlantic  and  is  well 
watered.  The  average  annual  rainfall  of  the  whole  country  has  been 
calculated  to  be  about  48  inches.  The  central  and  eastern  sections  are 
generally  regarded  as  best  suited  for  stock  raising.  As  nothing  is 
known  of  hay  making  or  curing  fodder,  generally  speaking,  stock  is 
overfed  during  part  of  the  year  and  starved  during  the  remainder  of 
the  time. 

One  advantage  of  stock  raising  in  Honduras  is  that  there  are  no 
snows  to  cover  the  forage,  interrupt  growth,  or  make  shelter  neces- 
sary. Storms  never  cause  the  animals  to  drift  from  the  range,  but 
in  the  dry  season  when  the  valleys  are  parched  the  stock  is  sent  into 
the  mountains  until  the  advent  of  the  rainy  season  and  new  grass. 
The  growth  of  the  pasture  is  enhanced  by  burning  off  the  dry  grass 
during  the  summer  months.  This  plan  serves  two  purposes.  In  addi- 
tion to  improving  the  pasture,  it  destroys  the  cattle  ticks  harbored  in 
the  dry  grass,  but  only  temporarily,  as  the  infested  cattle  are  again 
turned  in  as  soon  as  the  new  grass  appears. 

LIVE  STOCK. 

The  cattle  of  the  country  are  descended  from  the  cattle  imported 
from  Spain  soon  after  the  conquest.  Through  inbreeding  and  neg- 
lect the  original  Spanish  type  is  now  degenerated,  the  cattle  being 
small,  thin  fleshed,  slow  to  reach  maturity,  and  resemble  somewhat  the 
early  type  of  Texas  cattle,  except  that  as  the  male  animals  are  not 
castrated  until  3  or  4  years  of  age  they  have  short,  heavy  forehands, 
and  short,  thick  necks,  heads,  and  horns;  in  fact,  are  "stags"  in 
appearance  and  quality.  The  cows  more  closely  resemble  the  Texas 
cow.  Stags  or  steers  from  4  to  6  years  old,  grass  fat,  weigh  from 
900  to  1,100  pounds  live  weight,  and  the  largest  of  them  dress  from 
350  to  450  pounds  of  meat. 

Little  attention  is  paid  to  the  management  of  cattle,  the  estimated 
annual  increase  being  placed  at  from  12  to  15  per  cent,  the  losses 
being  attributed  to  the  ravages  of  the  cattle  tick  and  the  screw  worm 
and  the  depredations  of  the  leopard,  puma,  and  wildcat. 

A  few  cattle  have  been  imported  into  Honduras  from  the  United 
States,  but  not  in  sufficient  numbers  nor  with  the  necessary  persist- 
ence to  produce  any  noticeable  improvement  in  the  native  type.  The 
sires  imported  originated  mostly  from  above  the  southern  fever  area 
of  the  United  States,  and  succumbed  to  southern  fever  infection  soon 
after  their  arrival,  leaving  but  little  or  no  evidence  of  their  introduc- 
tion. 
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There  are  few  instances  where  any  attempt  has  been  made  to  im- 
prove the  breeding  of  the  live  stock.  From  birth  all  animals  are 
allowed  to  range  unrestricted.  Calves  suckle  their  dams  during  a 
longer  period  under  these  conditions  than  is  the  custom  in  the  United 
States,  consequently  cattle  reach  maturity  at  a  late  age  as  compared 
with  those  in  other  countries.  As  a  rule  heifers  are  3  years  old 
before  they  produce  their  first  calf,  and  bulls  are  from  3  to  5  years 
old  l^fore  they  are  considered  fit  for  slaughter. 

Around  the  small  towns  stock  is  permitted  to  roam  at  large  and 
no  attempt  made  to  restrain  the  males  after  maturity.  They  mingle 
with  the  herds  the  year  round.  The  result  is  that  the  offspring  is 
mongrel  in  appearance  and  quality. 

The  hogs  have  large  heads  and  small  hindquarters  and  seldom 
attain  more  than  150  to  200  pounds  live  weight. 

The  horses  are  small,  scrubby  in  appearance,  have  no  particular 
gait,  and  show  inbreeding. 

According  to  report,  large  numbers  of  cattle  have  been  exported 
from  Honduras  to  Cuba.  This  trade  was  commenced  in  the  year 
1882  and  continued  until  within  a  few  years  past,  when  it  was  sus- 
pended owing  to  the  complete  restocking  of  Cuba.  A  small  cattle 
trade  is  being  now  carried  on  with  Salvador,  Guatemala,  and  British 
Honduras. 

ANIMAL  DISEASES. 

The  method  followed  for  making  inspections  and  obtaining  in- 
formation was  to  visit  one  or  more  ranches  in  each  locality,  inspect 
the  cattle  and  other  stock,  and  question  the  owners  regarding  the 
prevalence  and  nature  of  any  diseases  existing  in  the  neighborhood. 
Wliile  little  attention  is  paid  to  the  ailments  of  live  stock  in  Hon- 
duras, it  is  believed  that  all  of  the  officials  and  other  persons  inter- 
viewed on  the  subject  gave  unreserved  and  truthful  replies  as  far  as 
their  observations  permitted.  In  addition  to  these  inspections,  casual 
inspections  were  made  of  hundreds  of  cattle  encountered  by  the  way- 
side while  traveling  from  place  to  place. 

It  appears  from  information  obtained  from  Honduran  cattle- 
men, and  from  our  own  observations,  that  the  ordinary  cattle  tick 
(garrapata) — the  variety  known  as  Margaropus  annulatus-— exists 
in  and  throughout  Honduras,  and  that  the  losses  sustained  from 
the  ravages  of  this  pest,  particularly  during  the  dry  season,  are  the 
most  frequent  and  serious  of  all.  There  can  be  no  doubt  that  Hon- 
duran cattle  harbor  in  their  blood  the  specific  organism  of  southern 
fever,  as  otherwise  a  continued  and  profitable  business  extending  over 
some  years  could  not  have  been  carried  on  by  shipping  nonimmune 
cattle  to  Cuba,  where  the  infection  of  southern  fever  is  also  prevalent* 
The  fact  that  the  cattle  shipped  to  Honduras  from  above  the  southern 
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fever  area  of  the  United  States  seldom  survive  the  change  further 
indicates  that  the  infection  of  southern  fever  is  carried  in  the  blood 
of  the  immune  native  cattle  and  is  transmitted  to  the  nonimmune 
imported  cattle  by  the  prevailing  variety  of  tick. 

Honduran  cattle  owners,  while  admitting  that  the  tick  causes 
severe  losses,  still  maintain  that  the  cattle  tick  of  the  country  is 
noninfectious.  This  assertion  is  natural  and  pardonable,  and  may 
be  readily  understood  when  consideration  is  given  the  fact  that  the 
native  cattle  are  immune  and  therefore  seldom  suffer  from  the  acute 
form  of  the  fever,  while  but  few  nonimmune  cattle  have  been  im- 
ported, the  loss  of  these  being  ascribed  to  change  of  climate  and 
forage. 

The  same  ideas  existed  in  Porto  Eico  a  few  years  ago,  where  it 
required  some  heavy  losses  of  nonimmune  cattle  to  convince  some 
stock  owners  that  the  apparently  healthy  Porto  Eican  cattle  harbored 
in  their  blood  the  specific  cause  of  southern  fever,  the  same  being 
transmitted  by  the  tick  in  a  more  virulent  and  deadly  form  to  a 
large  percentage  of  the  nonimmune  imported  cattle. 

Actinomycosis  is  quite  prevalent  in  the  departments  of  Valle  and 
Choluteca.  According  to  native  report  it  is  locally  attributed  to 
the  bite  of  a  small  green  snake. 

Toward  the  end  of  the  rainy  season,  when  vegetation  is  at  its 
rankest  growth,  isolated  cases  of  sore  mouth  (mycotic  stomatitis) 
occur  among  cattle,  the  cause  of  which,  according  to  popular  belief, 
is  due  to  the  bite  of  a  spider.  This  theory  of  the  cause  is  probably 
as  near  the  mark  as  the  theory  of  the  green  snake  bite  being  the 
cause  of  actinomycosis.  The  lesions  of  the  tongue  or  mouth  are 
treated  by  rubbing  the  abraded  surfaces  with  salt  and  lemon  juice. 

Tuberculosis  and  contagious  foot-and-mouth  disease  appear  to  be 
unknown. 

Blackleg  was  found  to  be  prevalent  among  calves  in  the  depart- 
ments of  El  Paraiso  and  Olancho. 

In  the  department  of  01ancho.it  was  stated  that  during  the  sum- 
mer months,  when  animals  drink  from  pools  of  stagnant  surface 
water,  cattle,  horses,  and  mules  sometimes  drop  dead  without  mani- 
festing any  previous  symptoms  of  illness,  and  that  other  animals 
which  subsequently  graze  over  these  lands  likewise  become  affected 
and  die,  which  facts  would  indicate  the  presence  of  the  anthi'ax 
bacilli. 

Foot  rot  is  said  to  affect  sheep  aind  goats  when  they  are  grazed  on 
wet  lands. 

Horses,  mules,  and  asses  appear  to  be  singularly  free  from  con- 
tagious diseases,  as,  while  we  saw  hundreds  of  these  animals,  no  case 
of  glanders  or  farcy,  nor  of  mycotic  lymphangitis,  was  seen  during 
our  travels. 
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Necrotic  or  gangi'enous  dermatitis  seems  to  be  quite  common.  In 
some  instances  it  causes  the  hoof  to  drop  off  and  in  all  cases  proves 
to  be  a  lingering,  troublesome,  and  painful  affliction.  The  natives 
ascribe  the  cause  to  the  bite  of  a  spider,  the  theory  being  that  this 
particular  insect  seeks  the  hair  of  the  fetlock  for  lining  its  nest  and 
as  the  animal  moves  at  feeling  the  loss  of  the  hair  the  spider  becomes 
enraged  and  bites  the  animal  just  above  the  hoof,  thereby  producing 
an  inflammation  that  often  results  in  the  loss  of  the  hoof  and 
occasionally  causes  the  death  of  the  animal.  Cattle  as  well  as  horses 
and  mules  are  said  to  suffer  severely  from  spider  bites. 

CyHticercKs  cellulosw^  or  the  bladderworm  or  tapeworm  cyst  of 
hogs,  with  its  concomitant  tapeworm,  the  Tcenia  solium  in  man,  is 
quite  prevalent  in  Honduras.  The  larval  cysts  observed  in  the  flesh 
of  infected  hogs  are  there  erroneously  called  trichinae.  The  flesh  of 
such  animals  is  condemned. 

DAIRY   INDUSTRY. 

Modern  dairy  methods  as  practiced  in  the  United  States  are 
unknown  in  Honduras.  Calves  are  allowed  to  suckle  the  cows  dur- 
ing the  entire  lactation  period.  The  usual  custom  is  to  milk  the 
cows  only  once  daily — in  the  morning — so  that  the  milk  may  be 
delivered  in  time  for  the  early  breakfast  of  coffee  and  boiled  milk. 
The  native  cow  will  not  yield  her  milk  down  unless  the  calf  has  first 
been  suckled  and  is  tied  close  by.  After  milking,  the  calves  are 
allowed  to  run  with  the  cows  during  the  day,  but  are  separated  from 
them  at  night.  Under  this  system  the  average  daily  yield  per  cow 
does  not  exceed  2  to  3  quarts.  Xo  butter  is  made,  the  native  butter, 
so  called,  being  nothing  more  than  sour  cream.  Some  imported 
tinned  butter  is  consumed  in  the  larger  towns. 

Native  cheese  is  considered  an  important  and  necessary  article  of 
diet.  In  Olancho  a  considerable  quantity  of  cheese  is  made  for  sale 
and  consumption  in  the  capital.  The  method  of  manufacture  is 
indeed  primitive.  The  milk  is  curdled  in  troughs  hewn  out  of  large 
trees.  The  whey  is  drawn  off  and  the  curd  salted  and  worked  by 
hand.  (PI.  XXV,  fig.  1.)  The  curds  are  then  placed  into  forms  and 
submitted  to  pressure,  the  resultant  product  being  nothing  more  than 
a  dried  compact  mass  of  white  curd. 

POSSIBILITIES  OF  IMPROVEMENT  OF  LIVE  STOCK. 

The  beef  and  dairy  quality  of  the  cattle  may  be  easily  improved  by 
the  exercise  of  modern  management  and  by  using  purebred  sires  of 
the  dairy  or  beef  breeds.  (See  PI.  XXIII,  fig.  2.)  These  animals 
should  be  obtained  from  within  the  southern- fever  area  of  the  United 
States,  for  the  reason  that  cattle  raised  in  this  section  are  immune  to 
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Plate  XXIV. 


Dairy  Cattle  in  Honduras. 
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Plate  XXV. 


FiQ.  1.— Cheese  Making  in  Honduras.    Working  the  Whey  Out  of  the  Curd. 


Fig.  2.— Best  Type  of  Honduran  Horses. 
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southern  fever,  the  infection  of  which,  as  already  stated,  exists  in  and 
throughout  Honduras. 

The  official  estimates  place  the  number  of  steers  which  could  be 
exported  per  annum  at  30,000 ;  but  given  a  near-by  and  stable  market 
for  surplus  stock,  the  cattle  industry  of  Honduras  could  be  consider- 
ably increased,  as  a  much  larger  area  would  then  be  planted  into 
permanent  guinea  or  para  grass  pasture. 

The  absence  of  an  established  market  is  a  serious  drawback  to  the 
live-stock  industry  of  the  country.  The  local  consumption  of  meat 
is  not  large,  and  the  methods  of  butchering  are  decidedly  primitive 
and  insanitary,  with  no  facilities  anywhere  for  preserving  the  meat 
by  cold  storage.  The  rasult  of  this  situation  is  that  fat  cattle  sell  at 
a  low  price,  sometimes  as  low  as  $10  gold  per  head,  which  offers  no 
inducement  to  increase  the  size  of  the  herds. 

The  native  seldom  raises  more  corn,  beans,  and  rice  than  will  keep 
his  family  from  one  crop  to  another.  Corn  for  fattening  cattle, 
sheep,  or  hogs  is  practically  unheard  of,  for  it  is  sometimes  difficult 
to  buy  com  for  human  food  in  the  capital  of  the  country.  The  fact 
that  all  of  the  cattle  are  grass  fed,  coarse  in  appearance  and  quality, 
would  classify  them  in  the  United  States  as  "  bologna  stock." 

Fattening  cattle  on  bananas  has  demonstrated  that  waste  fruit  on  a 
plantation  can  be  turned  to  good  account.  Dr.  Mitchell,  United  States 
consular  agent  at  San  Pedro,  and  Dr.  Paz,  an  extensive  cattle  grower 
living  north  of  San  Pedro,  have  fattened  cattle  on  bananas.  Both 
declare  that  boiling  the  fruit  in  water  improves  it  as  a  fattening 
medium,  the  action  of  the  hot  water  expelling  the  tannic  acid  in  the 
rind.  Fed  twice  a  day  five  hands  (or  clusters)  each  of  green  bananas, 
boiled,  the  animals  made  good  gains.  When  the  cattle  were  slaugh- 
tered the  meat  was  found  to  be  less  firm  than  if  the  cattle  had  been 
finished  on  com,  but  the  result  was  an  improvement  over  exclusive 
grass  feeding.     The  stock  relish  the  fruit  either  raw  or  boiled. 

As  tending  to  show  the  possibilities  of  feeding  and  fattening 
stock  without  grain,  it  was  related  that  the  natives  living  on  the 
small  islands  or  keys  in  the  vicinity  of  Belize,  British  Honduras, 
fattened  hogs  on  coconuts.  On  some  of  the  larger  keys  cattle  were 
fed  on  bananas  and  grass,  and  hogs  on  bananas  and  coconuts,  the 
nuts  being  well  broken  up  before  feeding.  Xo  considerable  number 
of  animals  were  fed  in  this  way ;  only  enough  for  home  consumption, 
.with  occasionally  a  few  for  market. 

In  the  villagers  stock  for  meat  is  killed  once  a  week.  The  carcass  is 
hacked  into  shapeless  chunks  of  haggled  meat  and  bone,  the  meat 
being  sold  in  two  classes — with  and  without  bone — the  various  divi- 
sions and  separate  cuts  into  which  a  carcass  is  divided  in  the  United 
States  being  there  unknown.     Beef  fat  appears  to  be  disliked  by  the 
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Latin- American,  therefore  the  external  and  other  fat  on  the  carcass 
is  trimmed  off  and  rendered  into  tallow. 

At  the  capital  there  is  a  central  market  where  meat  is  sold,  all 
of  which  is  slaughtered  at  5  o'clock  in  the  morning.  The  meat 
reaches  the  market  a  little  after  6  o'clock,  and  as  there  is  no  delivery 
system  the  housewife  carries  the  meat  home,  and  it  is  frequently 
cooking  in  the  consumer's  pot  by  8  o'clock. 

The  capital  is  situated  in  a  beautiful  valley  surrounded  by  an 
amphitheater  of  mountains,  and  the  nights  are  usually  cool,  so  that 
the  slaughtering  could  be  done  in  the  evening  and  the  meat  allowed 
to  hang  and  cool  during  the  night,  but  this  would  be  a  departure 
from  long-established  custom. 

There  is  no  smoked  or  salted  meat  to  be  had  except  a  small  quan- 
tity imported  and  consumed  by  foreign  residents.  Considerable 
"tasajo,"  or  sun-dried  meat  (usually  known  to  English-speaking 
people  as  "  jerked  beef"),  is  consumed  by  the  country  dweller.  As 
it  is  difficult  to  cure  or  to  keep  fresh  meat  any  length  of  time  dur- 
ing the  rainy  season,  the  native  prepares  for  this  period  by  slaugh- 
tering his  beef  during  the  dry  season  and  cutting  the  meat  into 
strips  and  drying  it  on  poles  hung  out  of  reach  of  animals  and 
protected  from  insects.  Wlien  the  meat  is  dried  hard  the  strips  are 
stored  away.  Lard  is  rendered  and  put  into  bladders  that  are  sus- 
pended from  the  rafters  of  the  house,  and  some  contrivance  is  placed 
over  the  top  of  the  bladders  to  protect  the  contents  from  mice  and 
rats. 

According  to  official  statistics,  the  number  of  cattle  ranches  in  the 
country  is  given  at  725  and  the  number  of  cattle  owners  at  621.  The 
number  of  live  stock  in  the  country  is  reported  to  be  as  follows: 
Cattle,  466,215;  horses,  64,434;  mules,  13,434;  asses,  2,373;  sheep, 
24,052;  and  hogs,  154,352. 

Another  drawback  to  the  live-stock  industry  of  the  country  is  the 
lack  of  transportation  facilities.  There  are  no  navigable  rivers  of 
any  considerable  length,  and  no  railroads  more  than  50  miles  long. 
From  the  central  and  eastern  sections,  where  the  best  cattle  districts 
are,  there  would  be  in  some  cases  a  drive  of  150  miles  to  the  ports  on 
the  northern  coast.  This  in  many  instances  would  call  for  a  progi'ess 
not  greater  than  15  miles  a  day  owing  to  the  difficulty  in  traveling 
along  trails  through  and  over  the  mountains. 

There  are  two  ports  on  the  northern  coast  having  docks  where  stock, 
could  be  loaded  directly  on  the  vessel,  namely.  La  Ceiba  and  Puerto 
Cortes.  There  is  only  one  port  on  the  Pacific  side ;  all  freight  in  and 
out  must  be  lightered  from  San  Lorenzo  on  the  mainland  to  the 
port  of  Amapala,  situated  on  Tigre  Island,  a  distance  of  18  miles. 
There  are  no  facilities  for  loading  live  stock  at  either  of  these  places. 

The  steamships  plying  between  the  ports  of  the  United  States 
and  Honduras  are  fruit  steamers  of  Norwegian  register.     These 
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steamers  could  be  equipped  for  the  carrying  of  live  stock  on  the 
upper  deck. 

The  absence  of  competent  veterinarians  in  the  country  might  be  a 
serious  matter  in  case  of  the  outbreak  of  any  epidemic  diseases,  as 
under  the  prevailing  conditions  the  enforcement  of  a  quarantine 
would  be  a  difficult  matter.. 

As  nearly  everybody  in  Honduras  may  have  a  few  head  of  cat- 
tle, a  widespread  interest  was  evinced  in  the  visit  of  the  "  commis- 
sion," everyone  expressing  the  hope  that  the  ports  of  the  United 
States  might  be  opened  to  the  importation  of  Honduran  cattle,  and 
therd^y  increase  the  purchasing  and  consuming  capacity  of  the  peo- 
ple and  result  in  an  enlarged  and  reciprocal  trade  between  the  two 
countries.  However,  as  the  disease  of  cattle  known  as  southern 
fever,  as  well  as  the  disseminator  thereof,  the  cattle  tick,  exists  in 
and  is  prevalent  throughout  Honduras,  the  importation  of  Hon- 
duran cattle  can  not  be  permitted  because  of  the  prohibitions  of  the 
law  already  quoted.  Therefore,  cattle  which  are  infested  with 
southern  fever  ticks,  or  which  have  been  exposed  to  such  infection 
within  60  days  next  before  their  exportation,  are  ineligible  for  im- 
portation into  the  United  States. 
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INCREASING  CREAMERY  PROFITS  BY  HANDLING  SPECIAL 
PRODUCTS  AND  UTILIZING  BY-PRODUCTS. 

By  S.  C.  Thompson, 
In  charge  of  Dairy  Manufacturing  Inrestigationn,  Dairy  Division. 

The  creamery  industry  of  this  country  is  now  developed  to  such  an 
extent  that  in  most  dairy  sections  competition  has  become  very  keen, 
and  creamery  operators  in  order  to  be  successful  must  use  every 
means  within  their  power  to  keep  their  operating  expenses  to  a  mini- 
mum and  at  the  same  time  market  their  products  to  the  best  pos- 
sible advantage. 

Many  creamery  operators  have  had  no  special  business  training 
or  experience,  and  very  often  ability  along  this  line  has  not  been  con- 
sidered essential  to  success,  but  with  the  close  competition  now  exist- 
ing the  necessity  for  businesslike  methods  is  becoming  apparent. 
Opportunities  for  increasing  the  revenue  of  creameries  are  frequently 
overlooked  and  many  wasteful  practices  are  often  permitted.  Such 
results  are  partly  due  to  the  operator's  lack  of  knowledge  as  to  what 
might  be  accomplished,  but  largely  because  such  creameries  are  not 
being  pressed  to  the  limit  of  their  resources.  However,  the  conditions 
are  evidently  improving,  as  recent  reports  show  that  many  creamery 
managers  now  realize  the  importance  of  stopping  the  leaks  often 
found  in  their  operating  methods  and  of  putting  their  business  on 
a  more  solid  basis  so  as  to  better  withstand  the  increasing  competi- 
tion and  give  their  patrons  better  prices. 

There  are  three  methods  that  are  being  advantageously  used  for 
this  purpose:  First,  by  manufacturing  some  special  products  that 
will  yield  relatively  large  returns ;  second,  by  utilizing  the  by-prod- 
ucts of  the  creamery  to  better  advantage ;  and,  third,  by  conducting 
some  other  line  in  connection  with  the  creamery  that  will  use  spare 
power  and  labor  and  in  this  way  reduce  the  operating  expenses. 

It  is  not  the  purpose  of  this  article  to  describe  in  detail  an  outline 
that  should  be  followed  in  all  cases,  nor  is  it  intended  to  discuss  the 
various  subjects  from  a  technical  standpoint.  It  is  written  rather 
with  the  object  of  pointing  out,  along  practical  lines,  opportunities 
for  creameries  to  improve  and  increase  their  business  that  are  fre- 
quently overlooked,  and  which  if  embraced  would  in  many  instances 

place  then>  on  a  more  successful  basis. 
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the  handling  of  special  products. 

The  special  products  most  generally  handled  by  creameries  and 
perhaps  the  ones  offering  the  best  results  are  the  sale  of  sweet  cream 
and  the  manufacture  of  ice  cream. 

THE  SALE  OF  SWEET  CREAM. 

In  some  sections  of  the  country  this  means  of  disposing  of  a  part 
or  all  of  the  product  of  the  creamery  has  proved  very  satisfactory 
and  profitable.  It  not  only  has  enabled  creameries  to  pay  high  prices 
for  the  sweet  milk  and  cream  delivered  by  their  patrons,  but  has  been 
a  means  of  improving  the  quality  of  the  product  generally,  and  con- 
sequently has  given  a  stimulus  to  dairying  that  might  not  have  been 
possible  otherwise.  The  demand  for  sweet  cream  from  dealers  who 
supply  this  commodity  in  bottles  to  consumers  and  from  ice-cream 
manufacturers  is  rapidly  increasing.  Their  supply  is  very  of  ten  hard 
to  get  and  frequently  has  to  be  shipped  long  distances.  The  prices 
paid  creameries  for  this  product  usually  range  from  3  to  12  cents 
per  pound  of  butterfat  higher  than  can  be  obtained  from  its  sale  in 
the  form  of  butter.  On  accoimt  of  the  demand  for  sweet  cream  and 
the  prevailing  high  prices  for  the  same  many  creameries  conveniently 
located  and  having  a  supply  of  fresh,  sweet  material  can  therefore 
substantially  increase  their  revenue  above  what  would  be  possible  if 
all  their  output  was  sold  as  butter. 

The  methods  usually  employed  by  creameries  that  ship  sweet  cream 
are  as  follows :  The  milk  or  cream  received  from  the  farm  is  carefully 
graded  in  the  receiving  room,  and  that  portion  intended  for  shipment 
as  sweet  cream  is  kept  by  itself  during  the  entire  process  of  preparing 
for  market.  If  the  whole  milk  is  received  it  is  at  once  run  through 
separators  and  a  cream  secured  having  a  definite  amount  of  butterfat, 
which  is  usually  guaranteed  and  made  the  basis  of  selling.  If  farm- 
separated  cream  is  received  which  does  not  contain  the  required 
amount  of  butterfat,  it  is  reseparated  in  order  to  bring  it  to  the 
guaranteed  standard.  The  standard  frequently  adopted  when  cream 
is  shipped  is  a  40  per  cent  butterfat  content,  which  gives  a  thick, 
heavy  cream.  This  cream  is  carefully  pasteurized,  either  by  the 
"  flash  "  or  "  holder  "  process.  When  the  "  flash  "  process  is  used  the 
cream  should  be  quickly  heated  to  165°  F.  or  above  and  immediately 
cooled.  With  the  "  holder  "  process  the  cream  should  be  heated  to  a 
temperature  of  145°  F.  or  more  and  held  at  that  temperature  from  20 
to  30  minutes,  either  in  a  retarder  specially  designed  for  the  purpose 
or  in  an  ordinary  covered  vat,  after  which  it  should  be  quickly  cooled. 

Creameries  have  generally  found  the  latter  method  more  efficient, 
and  for  this  reason  it  has  been  usually  adopted  where  thorough  work 
is  necessary,  although  the  "flash  "  process  has  been  found  satisfactory 
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when  reasonably  high  temperatures  have  been  maintained.  With 
either  process  of  pasteurizing  care  should  be  taken  to  have  the  cream 
cooled  quickly  to  a  temperature  as  close  to  freezing  as  possible  if  the 
best  results  are  to  be  secured. 

From  the  cooler  the  cream  is  put  into  cans,  usually  holding  10 
gallons,  and  shipped  to  market.  In  shipping  it  is  protected  from 
heat  by  the  use  of  felt  jackets  or  by  wooden  cases  packed  with  crushed 
ice.  If  it  is  to  be  sold  at  retail  it  is  bottled  by  the  retailer  and  deliv- 
ered to  customers  in  the  bottles,  but  when  sold  to  bakeries  or  ice-cream 
manufacturers  it  is  generally  kept  in  the  shipping  cans  until  used. 
In  both  instances  the  cans  are  returned  when  empty  to  the  creamery 
to  be  refilled. 

Cans  used  for  shipping  sweet  cream  must  be  perfectly  clean  if  a 
fine  quality  of  cream  is  to  be  furnished.  To  secure  such  results  they 
should  be  washed  and  steamed  immediately  after  the  cream  has  been 
removed  from  them  and  before  any  portion  is  allowed  to  dry  or 
harden  on  the  cans  or  become  decomposed.  After  the  cans  have 
reached  the  creamery  they  should  be  rinsed  and  sterilized  with  live 
steam,  then  aired,  drained,  and  cooled  before  being  again  used.  If 
this  work  is  carefully  done  no  contamination  of  the  cream  is  likely 
to  come  from  the  cans. 

If  care  is  exercised  in  selecting  the  raw  material,  and  such  material 
is  properly  pasteurized  and  cooled,  it  may  be  shipped  for  considerable 
distances,  and  with  reasonable  care  will  remain  in  good  condition  for 
a  week  or  more.  There  is  but  little,  if  any,  extra  expense  attached 
to  the  preparation  of  this  product,  and  the  prices  received  make  its 
sale  very  desirable  from  the  creamery  standpoint;  neither  is  there  any 
doubt  that  many  creameries  can  find  a  satisfactory  market  for  such 
a  product. 

MANUFACTURE  OF  ICE  CREAM. 

During  the  past  few  years  many  creameries  have  installed  ma- 
chinery for  making  ice  cream  and  have  imdertaken  the  manufacture 
of  this  product  as  a  side  line,  with  satisfactory  results.  The  enor- 
mous increase  in  the  consumption  of  ice  cream,  together  with  the 
fact  that  it  is  now  generally  on  sale  in  the  small  towns  as  well  as  in 
the  large  ones,  has  opened  new  fields  for  its  manufacture,  thus  giving 
the  small  operator  an  opportunity  to  do  a  successful  business  in  com- 
petition with  the  larger  ones. 

Creamery  managers  should  carefully  study  the  opportunities  for 
marketing  this  product,  as  the  market  and  their  ability  to  reach 
it  are  important  factors  in  its  successful  manufacture.  Creameries 
located  in  comparatively  small  towns  can  often  find  a  local  market 
for  a  sufficient  amount  of  ice  cream  to  warrant  installing  the  ma- 
chinery necessary  for  it.s  manufacture  on  a  small  scale.    In  such  cases 
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the  regular  creamery  force  can  do  the  work  without  extra  expense. 
In  the  larger  towns,  or  where  there  are  opportunities  for  shipping 
large  quantities^  it  would  probably  be  necessary  to  establish  a  sepa- 
rate department  with  an  experienced  maker  in  charge.  This,  of 
course,  would  involve  more  capital  and  greater  expense  than  is  nec- 
essary in  a  small  plant.  In  either  event  the  market  should  be  care- 
fully considered,  and  if  found  satisfactory  the  business  is  likely  to 
prove  profitable. 

Most  States  have  laws  requiring  that  ice  cream  shall  contain  a 
stated  amount  of  butterfat  known  as  the  fat  standard,  and  every 
creamery  operator  who  contemplates  engaging  in  the  business  should 
be  familiar  with  these  requirements  and  willing  to  meet  them,  for 
such  standards  aid  the  honest  manufacturers  by  preventing  unfair 
competition  from  the  unscrupulous  ones. 

The  creamery  seems  to  be  the  logical  place  for  manufacturing  ice 
cream,  as  it  has  a  supply  of  both  raw  cream  and  ice,  which  are  the 
two  most  important  factors  in  making  this  product.  Therefore,  with 
a  suitable  market  creameries  have  a  satisfactory  combination  for  con- 
ducting such  a  business  successfully.  Then,  again,  they  are  in  posi- 
tion to  make  just  what  quantity  is  necessary  to  supply  the  demand 
and  use  the  remainder  of  their  cream  in  the  manufacture  of  butter, 
for  which  their  market  is  already  astablished.  Consequently  there 
is  little  risk  of  incurring  the  losses  which  sometimes  happen  in  plants 
where  ice-cream  making  is  the  special  line. 

The  demand  for  ice  cream  depends  to  a  large  extent  on  the  con- 
dition of  the  weather  and  the  temperature  of  the  atmosphere,  and 
consequently  is  somewhat  irregular;  but  in  the  creamery  this  fluc- 
tuation in  the  demand  is  less  serious  than  where  the  oiitlet  is  for  ice 
cream  only.  Reports  from  creameries  making  ice  cream  show  that 
the  prices  received  for  this  product  are  relatively  high  and  that  some 
of  tliem  are  marketing  a  large  portion  of  their  output  in  this  way. 
Tlie  average  cost  of  making  a  gallon  of  ice  cream  in  creameries  is 
reported  by  them  to  be  about  45  cents,  and  the  same  reports  show  the 
average  wholesale  selling  price  to  be  about  87  cents,  leaving  a  margin 
of  42  cents  per  gallon. 

The  profits  from  the  manufacture  and  sale  of  ice  cream  are  clearly 
brought  out  by  the  following  example:  One  hundred  pounds  of  18 
per  cent  cream  is  equal  to  12  gallons,  which  with  a  60  per  cent  over- 
run will  produce  20  gallons  of  ice  cream,  and  if  sold  for  87  cents  a 
gallon  will  amount  to  $17.40.  Allowing  that  sugar  and  flavoring  for 
this  amount  costs  $1.40,  there  is  left  $1G  for  18  pounds  of  butterfat 
used.  On  this  basis  the  butterfat  sells  for  88.8  cents  a  pound.  The 
same  amount  of  butterfat  made  into  butter  with  a  21  per  cent  over- 
run would  produce  21.78  pounds  of  butter,  and  if  sold  for  31  cents 
a  pound  (average  price  for  New  York  extras  1910)  would  amount 
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to  $G.75,  or  37.5  cents  a  pound  of  butterfat.  A  comparison  of  these 
items  shows  a  difference  of  51.3  cents  a  pound  in  favor  of  ice  cream. 
The  special  equipment  necessary  for  the  average  creamery  to  manu- 
facture ice  cream  consists  of  freezer,  ice  crusher,  holding  cans,  and 
hardening  vat,  and  need  not  exceed  $300  in  cost.  Such  an  outlay  will 
often  be  paid  for  in  one  season  and  a  substantial  surplus  remain 
from  the  profits  of  this  branch  of  the  busmess. 

THE  UTILIZATION  OF  BY-PRODUCTS. 

But  little  attention  has  been  paid  to  the  methods  of  disposing  of 
by-products  in  many  creameries.  So  long  as  the  buttermilk  and 
skim  milk  have  not  accumulated  so  as  to  decay  and  cause  offensive 
odors,  operators  have  been  content  with  little  or  no  revenue  there- 
from. It  has  been  the  custom  in  many  places  to  sell  the  buttermilk 
for  a  nominal  price  or  even  to  give  it  away  if  removed  sufficiently 
often  to  prevent  it  becoming  a  nuisance  and  causing  contamination 
of  the  other  creamery  products.  Occasionally  large  quantities  have 
been  regularly  run  into  the  sewer.  Such  methods  are  not  only  waste- 
ful but  needless,  as  there  are  several  ways  in  which  both  skim  milk 
and  buttermilk  may  be  utilized  to  bring  large  returns. 

The  methods  of  utilizing  both  skim  milk  and  buttermilk  most 
general  and  perhaps  easiest  to  accomplish  are  feeding  hogs  at  the 
creamery  and  manufacturing  casein.  There  are,  however,  several 
varieties  of  soft  cheese  that  may  be  made  from  skim  milk,  such  as 
cottage,  pot,  or  bakers'.  These  cheeses  usually  bring  good  prices, 
but  as  a  rule,  are  in  limited  demand ;  a  few  creameries,  however,  have 
been  able  t<^  rdevelop  a  market  for  all  their  skim  milk  in  this  way. 
Some  creanij^fies  are  also  manufacturing  cheese  from  buttermilk,  but 
this  being  a  comparatively  new  product,  although  a  desirable  one,  is 
aot  yet  m  great  demand. 

FEEDING  BUTTERMILK  TO  HOGS. 

The  value  of  buttermilk  as  a  food  for  hogs  has  long  been  known 
to  practical  feeders  and  investigators,  but  notwithstanding  this  fact 
it  has  often  been  wasted  in  large  quantities  at  creameries  or  has 
been  sold  by  them  for  prices  much  below  its  value  as  a  hog  feed. 
With  the  growing  interest  in  business  methods  has  come  a  realiza- 
tion that  such  wasteful  methods  are  unnecessary ;  consequently  some 
creameries  in  various  parts  of  the  country  are  feeding  their  butter- 
milk to  hogs  and  report  good  results.  The  value  of  buttermilk  for 
this  purpose  depends  largely  on  the  price  of  pork,  so  that  the  pres- 
ent high  prices  give  the  buttermilk  a  relatively  high  value  as  a  hog 
feed. 
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SOME  EXAMPLES  OF  PROFITABLE  FEEDING. 


On  account  of  the  limited  experimental  data  available  on  this 
subject  it  is  impossible  to  place  a  definite  value  upon  buttermilk  as 
a  feed  for  hogs.  The  following,  however,  are  some  of  the  results 
reported  by  creameries  in  different  States;  and  while  the  accuracy 
of  these  results  can  not  be  vouched  for  by  the  bureau,  they  show  what 
has  been  done  in  a  practical  way  by  some  creameries  and  indicate 
that  under  some  circumstances  creameries  may  find  it  profitable  to 
feed  buttermilk  to  hogs: 

A  creamery  in  California  reports  feeding  86  hogs  on  buttermilk 
and  middlings,  from  which  it  realized  an  average  net  profit  of  $10.75 
per  hog  for  season. 

A  creamery  in  Iowa  fed  308  hogs  on  buttermilk,  corn,  and  pasture, 
and  reports  an  average  profit  of  $5.38  per  hog. 

A  Kansas  creamery  reports  feeding  78  hogs  on  buttermilk  and 
corn,  with  an  average  profit  of  $2.59. 

In  Oklahoma  one  creamery  fed  buttermilk  and  shorts  to  170  hogs 
and  reports  a  net  profit  of  $7.32  per  head. 

A  Pennsylvania  creamery  reports  feeding  buttermilk,  middlings, 
and  shorts  to  30  hogs,  with  an  average  profit  of  $6.66  per  head. 

A  Washington  creamery  fed  69  hogs  on  buttermilk,  shorts,  and 
bran,  with  a  profit  of  $5.26  per  head. 

These  results,  which  are  taken  from  the  reports  furnished  by  the 
creameries,  show  an  average  profit  of  $6.32  per  hog.  This  amount 
includes  the  cost  of  labor  in  caring  for  the  hogs  and  the  value  of 
the  buttermilk  fed  for  the  season.  It  is,  however,  doubtful  if  there 
is  any  extra  expense  to  the  creamery  for  labor,  as  this  work  is  usually 
done  by  the  regular  force  and  probably  all  the  profit  can  be  allowed 
on  the  value  of  the  buttermilk  fed. 

The  following  table,  made  from  the  report  of  an  Iowa  creamery, 
shows  the  results  obtained  from  feeding  12  hogs  for  42  days  and 
selling  them  on  an  8-cent  market : 

Results  of  feeding  U  hogs  for  .)>  days  on  huttcrmdik  and  com. 


Bought. 
Sold 


Pricp  of 
hogs. 


S  1.56. 00 
227.20 


Weight  of 


Date. 


Value  of 
corn. 


Pounds. 
2.140 
2,840 


Oct.    27, 1910  , 
Dec.     7. 1910 


128.00 


Profits  from 
buttcrmLk. 


$48.90 


•  The  value  of  the  buttermilk  fed  amounted  to  approximately  $1 
per  day  for  the  12  hogs,  or  8.33  cents  each,  and  the  average  daily 
gain  per  hog  was  1.38  pounds. 
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The  following  extract  from  the  report  of  a  Michigan  creamery 
shows  some  practical  results  from  feeding  buttermilk  to  hogs : 

Recently  we  turned  off  11  pigs  that  were  farrowed  the  4th  day  of  April, 
making  their  ages  a  few  days  over  5  months.  Their  combined  weight  (dressed) 
was  1,680  pounds.  They  were  taken  from  the  sow  at  5  weeks  old  and  In  the 
meantime  had  become  accustomed  to  and  learned  to  drink  buttermilk,  so  they 
lost  no  weight  in  getting  started.  They  were  given  all  the  milk  they  would 
clean  up,  with  no  grain  ration  wliatever,  until  they  were  about  2  months  old. 
For  the  next  2  months  they  were  fed  a  small  ration  of  soaked  com  once  a  day 
with  the  buttermilk.  The  amount  was  somewhat  increased  after  that  until 
turned  off.  Total  and  only  kind  of  grain  fed  was  9  bushels  of  com,  soaked 
until  it  began  to  get  sour  or  ferment. 

Assuming  the  price  of  dressed  pork  to  be  10  cents  a  pound,  the 
receipts  from  the  11  pigs  amounted  to  $16S.  After  deducting  for 
the  nine  bushels  of  corn  at  65  cents  a  bushel,  there  is  left  $162.15,  or 
a  profit  of  $14.74  on  each  hog,  no  allowance  being  made  for  the  value 
of  the  pigs  at  the  time  of  weaning. 

VARIOUS    METHODS   OF   FEEDING   IN    VOGUE. 

The  methods  of  feeding  and  raising  hogs  at  creameries  vary  con- 
siderably according  to  the  location,  the  size  of  the  creamery,  and 
the  interest  taken  in  such  work.  Some  operators  desire  to  raise  all 
the  pigs  they  fatten,  and  before  weaning  time  teach  them  to  drink 
buttermilk  that  there  may  be  no  break  in  their  thriftiness.  This 
method  also  gives  the  pigs  a  larger  capacity  for  assimilating  this 
feed.  Reports  from  creameries  indicate  that  hogs  having  run  on 
pasture  until  they  weigh  150  pounds  or  more  learn  to  drink  buttermilk 
slowly,  so  they  must  be  started  carefully  or  there  may  be  considerable 
loss;  also  that  practically  all  creameries  feed  several  times  a  day, 
from  three  to  eight,  beginning  with  small  amounts,  then  increasing 
as  the  hogs  become  accustomed  to  the  feed.  They  also  report  that 
sanitary  conditions  must  be  given  careful  attention  and  that  the 
milk  tank  should  be  emptied  and  cleaned  daily ;  the  troughs  and  pens 
should  be  kept  clean,  and  cinders  or  other  substances  should  be  used 
to  prevent  the  pen  from  giving  off  bad  odors  and  becoming  too  wet 
and  soft.  Plenty  of  good  water,  shade  for  summer,  plank  or  cement 
feeding  floor,  and  good  bedding  are  to  be  found  in  the  pens  of  must 
successful  feeders. 

Some  feeders  caution  against  the  feeding  of  cold  or  stale  butter- 
milk, stating  that  it  causes  constipation  and  piles  and  that  it  weakens 
the  kidneys.  Others  report  that  skim  milk  when  just  turning  sour 
causes  bloating.  Another  precaution  that  should  always  be  taken 
is  to  have  all  the  skim  milk  and  buttermilk  intended  for  feeding  pur- 
poses thoroughly  pasteurized  to  prevent  spreading  the  germs  of 
tubercidosis.  Where  milk  from  several  herds  of  cows  is  received  at 
a  creamery  and  the  skim  milk  and  buttermilk  frQia  the  same  is 
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stored  in  a  common  receptacle  the  possibilities  of  it  containing  the 
germs  of  tuberculosis  are  very  great.  It  has  been  demonstrated  that 
hogs  are  very  susceptible  to  this  disease  and  that  its  prevalence 
among  them  is  often  due  to  the  supply  of  milk.  For  these  reasons 
the  supply  should  always  be  pasteurized  to  prevent  infection.  Pens 
should  be  located  at  a  sufficient  distance  from  the  creamei'y  so  that 
there  will  be  no  possibility  of  the  odors  reaching  it  to  contaminate 
the  products  at  any  stage  or  process  of  manufacture.  Unless  both 
these  precautions  are  taken  it  will  be  better  to  dispose  of  the  by- 
products in  some  other  way. 

The  advisability  of  feeding  buttermilk  to  hogs  depends  entirely 
on  local  conditions  at  each  creamery.  There  are  several  things  to 
be  considered  in  this  connection,  but  where  other  means  of  disposal 
fail  to  give  reasonable  returns  for  the  buttermilk  and  the  creamery 
has  sufficient  and  proper  space  for  pens  and  the  necessary  means  for 
properly  feeding  and  caring  for  hogs,  hog  feeding  should  be  a  rea- 
sonably safe  and  sure  method  of  disposing  of  by-products  at  a  very 
satisfactory  profit. 

MANUFACTITRE  OF  DRIED  CASEIN. 

Casein  may  l)e  made  from  either  skim  milk  or  buttermilk,  but  the 
quality  of  casein  from  skim  milk  is  superior  to  that  made  from  but- 
termilk and  consequently  brings  a  much  higher  price.  At  the  present 
time  the  price  of  dried  casein  from  skim  milk  is  relatively  high, 
ranging  from  8  to  10  cents  a  pound,  and  skim  milk  of  average  quality 
will  yield  from  3  to  3J  per  cent.  At  this  price  and  yield  skim  milk 
would  be  worth  from  25  to  30  cents  per  100  pounds  when  made  into 
this  product.  The  manufacture  of  dried  casein  requires  special  ma- 
chinery, such  as  vats,  presses,  grinding  mills,  heating  coils,  and  dry- 
ing chambers,  and  experienced  operators  are  usually  necessary  to  get 
best  results.  The  special  machinery  and  extra  floor  space  required 
may  prevent  the  small  creamery  from  attempting  its  manufacture, 
but  those  creameries  which  handle  large  quantities  of  milk  and  have 
the  required  space  may  find  it  to  their  advantage  to  do  so. 

The  process  may  be  briefly  stated  as  follows:  The  skim  milk  is 
run  into  a  wooden  vat,  where  it  is  heated  to  about  120°  F.  by  steam 
being  run  directly  into  the  milk.  After  the  milk  has  reached  this 
temperature  commercial  sulphuric  acid  is  usually  added  to  coagulate 
it.  The  acid  and  milk  are  thoroughly  mixed  by  stirring.  After  the 
curd  begins  to  form  it  is  stirred  gently  until  the  whey  becomes  clear 
and  the  separation  is  complete.  The  whey  is  then  drawn  off  and  the 
curd  allowed  to  remain  in.  the  vat  and  thoroughly  drain.  The  curd 
is  then  inclosed  in  a  heavy  press  cloth  and  put  into  a  press  in  layers. 
The  style  of  press  used  is  similar  to  the  old-style  cider  press,  in  which 
the  curd  remains  until  the  next  day,  when  it  is  broken  up  and  run 
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through  the  grinder,  which  grinds  the  chunks  of  curd  into  grains 
about  the  size  of  wheat.  This  fine  curd  is  then  spread  on  wire-cloth 
trays  in  very  thin  layers.  Several  trays  are  placed  on  a  truck,  one 
above  the  other,  and  wheeled  into  a  drying  chamber,  where  they  re- 
main for  about  24  hours.  The  chamber  is  usuUy  a  tightly  made  box 
through  which  air  heated  by  passing  over  steam  coils  is  forced  by  a 
fan.  The  dried  casein,  after  being  removed  from  the  drying  chamber, 
is  reground  in  a  mill  specially  devised  for  the  purpose  and  is  then 
put  into  clean  sacks  holding  from  100  to  125  pounds  each,  when  it  is 
ready  for  shipment  to  market. 

Dried  casein  is  used  in  the  manufacture  of  certain  kinds  of  cold- 
water  paints,  but  the  greatest  demand  comes  from  paper  manufac- 
turers, who  use  it  in  large  quantities  for  paper  sizing.  The  prices 
paid  have  steadily  increased  during  the  past  few  years  and  the 
demand  has  been  good,  thus  affording  a  market  for  the  entire  output 
of  a  creamery  at  fair  prices. 

HANDLING  EGGS  THROUGH  THE  CREAMERY.' 

There  are  several  other  lines  that  might  be  enumerated,  but  han- 
dling eggs  and  manufacturing  ice  seem  to  be  the  most  satisfactory  in 
connection  with  a  creamery. 

Handling  eggs  has  been  foimd  an  ideal  side  line  for  the  creamery 
when  properly  regulated.  The  teams  that  bring  milk  and  cream  to 
the  creamery  can  also  bring  eggs  produced  by  patrons,  with  prac- 
tically no  extra  expense.  In  this  way  the  creamery  can  secure  the 
eggs  at  frequent  intervals  and  under  such  restrictions  as  will  insure 
their  being  absolutely  fresh  and  of  finest  quality.  It  can  also  cool 
the  eggs  if  necessary  and  market  them  in  a  manner  that  will  secure 
a  premium  above  the  quoted  prices  for  the  finest  grades.  Statistics 
show  that  under  ordinary  conditions  of  marketing  there  is  a  great 
loss  on  account  of  poor  eggs.  There  is  also  much  dissatisfaction  from 
the  consumer  for  the  same  reason,  but  where  the  producer  is  made 
responsible  for  the  quality  and  the  creamery,  with  its  facilities  for 
handling  them  properly,  is  made  the  central  market  the  consumer 
finally  gets  a  grade  of  eggs  for  which  he  is  willing  to  pay  a  high 
price. 

The  plan  that  has  proved  most  successful  is  for  the  creamery  to 
deliver  egg  cartons  and  a  private  stamp  to  each  patron.  The  eggs 
are  stamped,  placed  in  the  cartons,  sealed  as  soon  as  gathered,  and 
kept  cool  until  delivered. 

In  securing  a  market  for  guaranteed  fresh  eggs  through  a  creamery, 
patrons  are  usually  pledged  to  comply  with  certain  rules,  and  in  case 

^  This  subject  is  more  fully  discussed  in  an  article  in  the  Twenty-sixth  Annual  Report  of 
this  bureau,  entitled  "  Marketing  Eggs  Through  the  Creamery/'  by  Rob  R.  Slocum.  This 
article  has  also  been  published  as  Farmers'  Bulletin  445. 
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of  failure  to  do  so  they  are  forbidden  the  privileges  of  the  market. 
They  usually  agree  to  deliver  eggs  that  are  not  over  a  specified  num- 
ber of  days  old  and  to  gather  them  twice  daily;  to  grade  the  eggs 
to  secure  uniform  size ;  to  keep  white  and  brown  eggs  separate ;  to 
keep  eggs  clean  and  to  store  them  in  a  cool,  dry  place ;  to  stamp  each 
egg  and  the  carton  in  which  they  are  placed;  and  not  to  sell  eggs 
stamped  with  the  creamery  stamp  to  any  other  parties. 

Prices  received  for  eggs  produced  and  marketed  in  this  way 
usually  range  from  2  to  5  cents  a  dozen  over  the  ruling  price,  and  in 
some  instances  where  special  markets  have  been  developed  even 
greater  premiums  are  secured.  Doubtless  many  creameries  can  in 
this  way  improve  their  condition  and  secure  closer  cooperation  with 
their  patrons  with  little  if  any  added  expense. 

MANUFACTURE  OF  ICE. 

Proper  refrigeration  is  of  the  greatest  importance  to  every  cream- 
ery, and  in  sections  where  natural  ice  is  not  produced  it  is  a  serious 
item  of  expense.  A  creamery  that  does  not  have  facilities  for  prop- 
erly controlling  temperatures  can  not  expect  to  make  butter  of  satis- 
factory quality,  therefore  creameries  without  a  natural  ice  supply 
must  either  buy  ice  or  manufacture  it.  In  most  instances  they  can 
better  afford  to  operate  their  own  ice  plant  than  to  buy  from  others, 
and  in  this  way  make  the  manufacture  of  ice  a  practical  side  line. 
Refrigerating  machinery  is  expensive,  but  when  necessary  in  a 
creamery  the  manufacture  and  sale  of  ice  will  often  result  in  using 
spare  power  and  labor  profitably.  "• 

Creamery  operators  will  usually  find  one  or  more  of  the  side  lines 
described  a  desirable  undertaking  if  satisfactory  markets  are  ob- 
tained and  reasonable  care  is  exercised  in  manufacturing  the  products. 

Quality  is  the  most  essential  factor  in  the  successful  operation  of  a 
creamery,  whether  the  product  made  be  butter  alone  or  in  connection 
with  one  or  more  side  lines.  Relativelj'  high  prices  can  always  be 
secured  for  butter  and  other  creamery  products  of  the  finest  quality, 
and  when  good  quality  and  businesslike  methods  are  combined  a  suc- 
cessful creamery  is  assured. 
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THE    TEMPERATURE    OF  PASTEURIZATION  FOR  BUTTER 

MAKING. 

By  L.  A.  B0GEB8,  Bacterioloffist ;  W.  N.  Bebo,  Chemist;  and  Brooke  J.  Davis, 
Assistant,  Dairy  Division. 

INTRODUCTION. 

The  pasteurization  of  cream  for  butter  making  has  for  its  primary 
object  the  elimination  of  the  normal  bacteria  of  the  cream  to  enable 
the  butter  maker  by  controlling  the  ripening  of  the  cream  to  secure 
a  uniform  product.  Incidentally,  it  may  remove  some  of  the  possible 
causes  of  the  deterioration  of  the  butter,  as  well  as  destroy  the  patho- 
genic bacteria  and  expel  some  of  the  gases  and  other  volatile  flavor- 
giving  substances. 

There  is  no  fixed  standard  for  the  temperature  of  pasteurization 
in  this  country.  In  Denmark,  where  all  cream  used  in  butter  mak- 
ing is  pasteurized,  a  temperature  of  82°  to  85°  C.  (180°  to  185°  F.) 
is  used,  but  in  this  country  the  cream  is  frequently  heated  to  not 
more  than  63^  C.  (145°  F.),  and  rarely  above  77°  C.  (170°  F.). 

It  is  obvious  that  it  is  desirable  to  determine  the  most  effective 
temperature  at  which  cream  should  be  pasteurized  for  butter  mak- 
ing. This  temperature  is  the  one  at  which  the  greatest  nimiber  of 
undesirable  factors  are  eliminated  with  the  minimum  effect  on  the 
cream  itself.  Several  factors  are  involved  in  the  determination  of 
this  temperature,  among  the  most  important  of  which  are  the  uni- 
form destruction  of  a  large  proportion  of  the  bacteria  of  the  cream ; 
the  destruction  of  the  enzyms  inherent  in  the  milk;  the  avoidance 
of  imparting  scorched,  metallic,  or  other  undesirable  flavors  to  the 
cream ;  and  the  possible  increased  loss  of  fat  in  the  buttermilk. 

This  paper  gives  the  results  of  an  investigation  which  had  for  its 
object  the  determination  of  the  proper  temperature  for  the  pasteuri- 
zation of  cream  for  butter  making  as  indicated  by  the  destruction  of 
the  bacteria  and  the  enzyms  and  by  the  changes  in  flavor  of  the  but- 
ter in  storage. 

METHOD  OF  HANDLING  CREAM  IN  EXPERIMENTAL  WORK. 

The  cream  used  came  partly  from  milk  separated  at  the  creamery 
with  which  the  field  laboratory  is  connected  and  partly  from  hand 
separators.  It  was  all  sweet  and  of  fair  quality.  The  pasteuriza- 
tion was  done  in  a  continuous  Jensen  machine.    The  temperature  was 
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controlled  by  a  hand  valve  and  determined  by  a  naked  chemical 
thermometer  inserted  in  the  cream  pipe  near  the  machine.  The 
variation  was  not  over  1J°  F.,  plus  or  minus.  The  cream  was  cooled 
at  once  to  churning  temperature  and  churned  within  three  hours.' 
This  method  was  followed  to  avoid  the  complications  due  to  poor 
starters,  to  contamination  during  ripening,  or  other  factors  which 
might  change  the  flavor  of  the  butter  and  obscure  the  influence  of  the 
pasteurization  temperature.  These  results,  therefore,  throw  no  light 
on  the  eflfect  of  the  growth  of  bacteria  during  the  ripening  of  im- 
perfectly pasteurized  cream.  Obviously,  also,  it  does  not  necessarily 
follow  that  similar  results  would  be  obtained  from  cream  which  was 
sour  or  otherwise  fermented  at  the  time  of  pasteurization. 

BACTERIOLOGICAL  RESULTS  OF  PASTEURIZING  CREAM. 

The  results  for  the  first  season's  work  are  given  in  Table  1  and 
those  obtained  in  the  second  season  in  Table  2.  Bacteria  were  de- 
termined in  composite  samples  of  the  pasteurized  cream  the  first 
season,  and  in  the  second  season  the  count  of  the  raw  cream  was 
taken  also.  Lactose  litmus  gelatin  was  usually  employed  for  plating, 
but  in  some  cases  lactose  agar  was  used.  The  gelatin  plates  were 
incubated  at  20°  to  22°  C.  (68°  to  72°  F.)  for  five  days  and  the  agar 
plates  at  30°  C.  (86°  F.)  for  three  days. 

The  lack  of  any  established  standard  of  bacteriological  efficiency 
makes  it  difficult  to  draw  conclusions  from  the  bacteriological  results 
alone.  The  number  of  bacteria  remaining  in  the  cream  can  not  be 
taken  as  an  absolute  standard  of  the  efficiency  of  the  pasteurization, 
since  this  number  varies  not  only  with  the  temperature  and  time  of 
pasteurization  but  also  with  the  number  and  kinds  of  bacteria  present 
in  the  cream  before  pasteurization.  The  percentage  reduction  is 
equally  unreliable,  as  this  also  is  largely  dependent  on  the  number  of 
bacteria  in  the  cream  before  pasteurization.  A  large  number  of  bac- 
teria in  pasteurized  cream  may  simply  mean  that  the  original  cream 
contained  a  very  great  number  of  bacteria,  or  that  a  large  propor- 
tion were  heat  resistant.  If  the  number  in  the  cream  before  pasteur- 
ization was  very  high,  a  large  number  may  be  left  in  the  cream  after 
pasteurization  and  the  result  still  show  a  high  percentage  reduction. 
This  is  illustrated  by  the  results  obtained  for  sample  70  in  Table  2, 
in  which  with  nearly  1,000,000  bacteria  remaining  in  the  cream  after 
pasteurization  a  reduction  of  99.5  per  cent  was  obtained.  The  in- 
fluence of  the  kind  of  bacteria  occurring  in  the  cream  is  seen  in  a  com- 
parison of  samples  54  and  70,  both  pasteurized  at  82°  C.  (180°  F.). 
In  sample  54,  205,500,000  bacteria  were  reduced  to  14,000,  a  reduction 
of  99.9  per  cent,  while  with  sample  70,  172,000,000  were  reduced  to 
940,000,  giving  a  reduction  of  99.5  per  cent.    A  large  proportion  of 
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the  bacteria  in  sample  64  were  evidently  in  the  vegetative  stage  and 
easily  destroyed,  while  sample  70  contained  many  resistant  spores. 

The  cream  used  in  the  first  season's  work  was  of  good  quality  and 
about  half  of  the  results  were  obtained  in  September  when  the  bac- 
terial content  was  low.  In  the  second  season  the  proportion  of 
hand-separator  cream  was  greater  and  its  inferior  quality  was  indi- 
cated by  the  higher  number  of  bacteria  in  the  pasteurized  cream. 
In  Table  1  fairly  uniform  results  are  shown  at  71°  C.  (160°  F.)  and 
above,  and  it  is  evident  that  66°  C.  (150°  F.)  is  too  low  to  secure 
efficient  pasteurization.  The  results  given  in  Table  2  show  efficient 
pasteurization  at  77°  C.  (170°  F.)  and  higher,  and  only  fair  results 
at  71°  C.  (160°  F.). 

It  is  evident  from  these  results  that  with  cream  of  good  quality 
efficient  pasteurization  from  the  bacteriological  standpoint  can  be 
secured  by  momentary  heating  to  71°  C.  (160°  F.).  This  is,  however, 
near  the  lower  limit  of  safety,  and  if  the  bacterial  content  of  the  raw 
cream  is  high  a  temperature  of  74°  to  77°  C.  (165°  to  170°  F.)  must 
be  used  to  secure  uniform  results. 

Table  1. — Bacteria  in  cream  after  pasteurisation — First  season. 


No.  of  sample. 

Pasteurizing 
temx>eTature. 

Bacteria 
per  cubic, 
centimeter. 

No.  of  sample. 

Pasteurizing 
temperature. 

Bacteria 
per  cubic 
centimeter. 

1      

•a 

66 
66 
66 
66 
66 
68 
68 
68 
68 
68 
68 
71 
71 
71 
71 
71 
71 
74 
74 
74 
74 
74 

150 
150 
150 
150 
150 
155 
155 
156 
155 
156 
155 
160 
160 
160 
160 
160 
160 
165 
166 
165 
165 
165 

Number. 

1,525,000 

960,000 

1,695,000 

1,630,000 

54,000 

686,300 

331,500 

1,099,000 

406,000 

43,000 

13,500 

395,500 

686,500 

162,000 

189,500 

16,500 

26,000 

50,500 

18,500 

191,500 

244,000 

80,500 

38 

•c. 

74 
74 
77 
77 
77 
77 
77 
77 
77 
79 
79 
79 
79 
79 
82 
82 
82 
82 
82 
88 
88 

165 
166 
170 
170 
170 
170 
VO 
l-'O 
170 
176 
176 
176 
176 
175 
180 
180 
180 
180 
180 
190 
190 

Number. 
61,000 

2 

41 

15,000 

3                       

14 

46,5<X) 

4 

16 

38,0^0 

44                       

18 

78,5'H) 

6 

20 

145,0^ 

7.                

22 

3^,650 

9 

36 

23,yH) 

11..                

39 

17,6^ 

42 

23 

6,050 

45      .                   

25 

12,800 

6 

27 

7,900 

8.                        

29 

8,100 

10 

37 

24,600 

12  .                     

24  

29,800 

40 

26 

14,900 

43                       

28 

4,650 

13 

30 

33,350 

15                       

35 

17,000 

17 

31 

124,000 

19                       

33 

4,500 

21 

AVERAGES  OF  TABLE  1. 


Number  of  tests. 

Pasteurizing 
temperature. 

Bacteria 
per  cubic 
centimeter. 

Number  of  tests. 

Pasteurizing 
temperature. 

Bacteria 
per  cubic 
centimeter. 

5 

66 
68 
71 
74 

•F. 
150 
155 
160 
166 

Number. 

1,172,800 

449,560 

246.000 

95,800 

7  

•c. 

77 
79 
82 
88 

•if. 
170 
176 
180 
190 

Number. 
54,780 

5 

5 

11,910 

6 

5 

16,880 

7 

2.       .   . 

64,260 
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Table  2. — Bacteria  in  cream  before  and  after  pasteurization — Second  season. 


No. 
of 
sam- 
ple. 

Pasteuriz- 
ing tem- 
perature. 

Per  cubic 

centimeter 

in  raw 

cream. 

Bacteria 
per  cubic 

centi- 
meter in 
pasteur- 
ized 
cream. 

Percent 
reduc- 
tion. 

No. 
of 

pie. 

Pasteuriz- 
ing tem- 
perature. 

Per  cubic 

centimeter 

in  raw 

cream. 

Bacteria 
per  cubic 
centi- 
meter in 
pasteur- 
ized 
cream. 

Peroent 
reduc- 
tion. 

46 

"C. 

•F. 

Number. 

6,900,000 
92.000,000 

6,900,000 

4.470,000 
230,000,000 
92,000,000 
86,500,000 

4,470,000 
136,600,000 
86,500,^)00 
38,000,000 
230,000,000 
180,000,000 
38,000,000 

Nujnber. 

Percent. 

'       66 
56 
67 
68 
53 
54 
60 
70 
55 
67 
71 
72 
59 
73 

1 

•c. 

71 
77 
77 
77 
80 
82 
82 
82 
88 
88 
88 
88 
93 
93 

160 
170 
170 

Number. 

Number. 

1,950.000 

160,000 

56,500 

11,000 

64,000 

14,000 

•    12,500 

940,000 

24,500 

321,600 

64,000 

0,500 

23,500 

18,000 

Percent, 

60 

45,900,000 

99.7 

47 

60 
60 
60 
60 
60 
66 
66 
66 
66 
71 
71 
71 

140 
140 
140 
140 
140 
150 
160 
150 
150 
160 
160 
160 

74,500 
680.00C 

2,950,000 

7,250,000 

18,400,000 

740,000 

775,000 

1,155,000 
795,000 

1,000,000 
100,000 
304,500 

98.9 
84.8 
98.7 
92.1 
78.7 
83.4 
99.4 
98.7 
97.9 
•    99.6 
99.9 
99.2 

48 
50 
61 
62 
49 
58 
63 
64 
51 
52 
65 

170 
176 
180 
180 
180 
190 
190 
190 
190 
200 
200 

122,000,000 
180,000,000 
205,500,000 
122,000,000 
172,500,000 
205,600,000 

45,900,000 
172,500,000 

19,300.000 
136,600,000 

19,300,000 

99.9 
99.0 
99.9 
99.9 
99.5 
99.9 
99.3 
99.9 
99.9 
99.9 
99.9 

AVERAGES  OF  TABLE  2. 


5 

60 

140 

83,774,000  5,870,900 

93.0 

3 

82 

180  166,500,000 

322,130 

99.8 

4 

66 

150 

66,142,500 

866,750 

98.7 

4 

88 

190  110,825,000 

105,525 

99.9 

4 

71 

160 

149,333,000 

838.600 

99.4  1 

2 

93 

200 

77,950,000 

20,750 

99.0 

3 

77 

170 

83,950,000 

75,830 

99.9  1 

1 

TESTS  FOR  THE  PRESENCE  OF  ENZYMS. 

Certain  enzyms  occur  normally  in  milk.  When  cream  is  churned 
these  enzyms  pass  over  into  the  butter.  Their  action  is  as  yet  un- 
determined, but  it  is  possible  that  they  take  some  part  in  the  changes 
which  occur  in  butter,  even  at  the  low  temperatures  of  commercial 
storage.  This  possibility  makes  it  desirable  that  they  be  destroyed 
in  cream  used  for  making  butter. 

The  following  definitions  of  the  milk  enzyms  are  taken  for  granted 
in  this  paper,  no  attempt  being  made  to  be  rigorously  exact  from  the 
biochemical  point  of  view : 

Peroxidase:  An  enzym  that  oxidizes  other  substances  by  trans- 
ferring oxygen  to  them  from  some  peroxid,  such  as  hydrogen  per- 
oxid. 

Catalase:  An  enzym  that  decomposes  hydrogen  peroxid,  forming 
water  and  oxygen. 

Galactase :  The  proteolytic  enzym  of  milk. 

Lipase:  An  enzym  that  splits  fats  (or  fatty  esters)  into  free  fatty 
acids  and  the  corresponding  alcohols. 

Although  normal  milk  (or  cream)  probably  contains  no  oxidase, 
this  enzym  was  always  looked  for  when  testing  for  peroxidase.  Up 
to  the  present  time  it  has  not  been  found  in  the  materials  tested. 
The  naturally  occurring  oxidases  are  looked  upon  as  mixtures  of 
a  peroxidase  and  a  peroxid,  or  as  mixtures  of  a  peroxidase  and  a 
substance  that  can  easily  form  peroxids. 
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Enzyms  are  unstable  substances  or  agents  and  are  easily  destroyed 
by  high  heat.  For  convenience,  the  temperature  at  which  an  enzym 
is  destroyed  is  called  its  thermal  death  point,  although  an  enzym 
being  unorganized  can  not  have  a  real  death  point.  It  should  be 
remembered,  however,  that  the  temperature  at  which  any  particular 
enzym  can  be  destroyed  is  somewhat  indefinite,  the  enzym  being 
gradually  weakened  by  heat  when  the  temperature  approaches  the 
death  point  or  when  the  time  of  exposure  is  lengthened.  Further- 
more, the  exact  temperature  at  which  it  is  destroyed  varies  with  the 
conditions  under  which  it  is  exposed  to  the  heat.  The  reaction  of 
the  medium,  the  presence  or  absence  of  the  substrate,  the  amount 
of  moisture  present,  etc.,  may  raise  or  lower  the  thermal  death  point. 

During  the  summer  of  1908  tests  for  peroxidase,  catalase,  and 
galactase  were  made  on  samples  of  cream.  Formaldehyde  solution 
(40  per  cent)  was  added  to  the  samples — 1  or  2  liters  of  cream — in 
the  proportion  of  1  to  1,000.  After  the  addition  of  the  preservative 
portions  of  the  sample  were  withdrawn  for  use  and  the  remainder 
stored  at  room  temperature.  This  method  pf  preservation  was 
found  to  be  ineffective,  since  it  did  not  prevent  the  growth  of  mold 
in  many  of  the  samples.  Furthermore,  the  cream  would  not  re- 
main uniform  in  its  composition  in  spite  of  repeated  attempts  to 
redistribute  the  fat  by  mixing.  On  account  of  the  large  amount  of 
fat  present  chloroform  in  ordinary  amounts  could  not  be  used.  Al- 
though proper  sampling  at  the  end  of  the  summer  was  impossible, 
the  material  was  used  to  obtain  approximate  results  for  future 
guidance.  In  this  paper  are  incorporated  only  those  results  of  the 
t«sts  for  peroxidase  and  catalase  which  were  made  in  the  beginning 
of  the  summer.  By  suitable  controls  it  was  easily  ascertained  that 
the  results  of  the  tests  were  not  appreciably  affected  by  the  pre- 
servative used. 

During  the  summer  of  1909  the  tests  for  peroxidase  and  catalase 
were  made  on  samples  of  cream  obtained  from  the  creamery  soon 
after  pasteurization. 

For  the  work  on  galactase  the  buttermilk  obtained  after  the  churn- 
ing of  the  different  lots  of  cream  was  used.  The  samples  of  butter- 
milk were  preserved  at  room  temperature  in  stoppered  bottles,  5  c  c. 
of  chloroform  being  added  to  1  liter  of  buttermilk.  This  concen- 
tration of  chloroform  has  been  found  to  have  very  little  effect  on 
the  proteolytic  enzym  of  milk.^  Suitable  bacterial  counts  showed  that 
it  preserved  the  buttermilk  very  efficiently.  Toward  the  end  of  the 
summer  tests  for  peroxidase  and  catalase  were  made  on  the  samples 
of  buttermilk  to  confirm  the  tests  previously  made  on  cream  and  to 
ascertain  whether  these  enzyms  were  affected  or  destroyed  during 
the  changes  that  had  meanwhile  taken  place.    It  was  apparent  from 

1  Harding,  H.  A.,  and  Van  Slyke,  L.  L,     Chloroform  as  an  aid  In  tlie  study  of  m** 
enzyms.    New  York  Agricultural  Experiment  Station,  Bulletin  No.  6.     Geneva,  1907. 
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the  qualitative  tests  for  these  enzyms  that  they  were  not  yet  very 
strongly  affected  (see  pp.  313,  315). 

The  results  for  lipase  were  obtained  in  the  early  part  of  1910  in  the 
laboratories  at  Washington.  Portions  of  the  same  sample  of  milk 
were  pasteurized  in  a  small  apparatus  specially  constructed  for  the 
purpose,  and  the  effect  of  the  pasteurization  on  the  activity  of  the 
lipase  present  was  determined. 

PEROXIDASE. 

The  method  of  testing  for  peroxidase  was  as  follows:  A  small 
amount — 5  to  10  c.  c. — of  cream  (milk  or  buttermilk  or  curd  solution) 
was  transferred  to  a  test  tube.  Two  or  three  drops  of  a  freshly  pre- 
pared alcoholic  solution  (about  10  per  cent)  of  gum  guaiac  were 
allowed  to  run  down  the  side  of  the  test  tube  so  that  the  tincture  re- 
mained on  the  upper  surface  of  the  liquid  to  be  tested.  The  tube  was 
allowed  to  stand  5  to  10  minutes.  The  nonappearance  of  color  indi- 
cated the  absence  of  oxidase.  Two  or  three  drops  of  a  dilute  solution 
of  hydrogen  peroxid  (or  old  turpentine)  were  added,  and  if  per- 
oxidase was  present  a  blue  color  developed  where  the  reagents  came 
in  contact.  Usually  a  blue  ring  on  or  near  the  upper  surface  of  the 
liquid  was  formed. 

Suitable  controls  were  made  to  insure  that  the  results  would  not  be 
vitiated  by  variations  in  the  degree  of  acidity  of  the  cream,  by  the 
amount  of  preservatives  used,  or  other  factors.  The  peroxidase  and 
catalase  reactions  were  as  strong  in  very  sour  raw  cream  or  milk  as 
in  the  original  samples. 

Results  for  peroxidase. — In  Table  3  are  summarized  the  results  of 
the  tests  on  the.  various  samples  of  cream.  Tests  made  on  the  cor- 
responding samples  of  buttermilk  when  three  months  old  gave  prac- 
tically identical  results.  From  the  table  it  is  obvious  that  when 
cream  was  pasteurized  under  the  conditions  described  on  page  307  the 
peroxidase  reaction  was  not  obtained  in  cream  pasteurized  at  79°  C. 
(175°  F.)  or  above;  at  77°  C.  (170°  F.)  it  was  generally  .absent,  and 
in  cream  pasteurized  at  74°  C.  (165°  F.)  or  below  positive  tests 
were  always  obtained. 

Table  3. — Showing  destruction  of  peroxidase  and  catalase  in  cream  hy  paS' 

teurization. 


Temperature  of 

Test  for 

Test  for 

pasteurization. 

peroxidase. 

catalase. 

•F. 

Raw. 

Raw. 

+ 

+ 

60 

140 

+ 

+ 

66 

150 

+ 

Weak- 

68 
71 

155 
160 

+ 

+ 

Very  w'eik. 

74 

165 

+ 

~- 

77 

170 

± 

_ 

79 

175 

_ 

82 

180 

— 

— 

88 

190 

_ 

_ 

93 

200 

— 

— 
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In  general,  these  results  are  in. accord  with  those  obtained  by  other 
investigators  who  pasteurized  for  comparatively  short  periods  of 
time,  it  must  be  borne  in  mind,  however,  that  the  death  temperature 
of  an  enzym  is  so  strongly  influenced  by  so  many  conditions  that  an 
exact  agreement  between  the  above  results  and  those  obtained  by 
other  investigators  can  hardly  be  expected.  Thus,  Herholz  ^  found 
that  milk  heated  one  minute  at  75°  C.  (167°  F.)  gave  an  uncertain 
test  with  guaiac  for  peroxidase.  Hippius  ^  obtained  the  same  result 
with  milk  heated  in  exactly  the  same  way.  Wilkinson  and  Peters ' 
found  that  at  78°  C.  (172°  F.)  the  guaiac  test  for  peroxidase  became 
negative.  They  do  not  say  how  long  the  milk  was  maintained  at 
that  temperature. 

The  question  of  how  long  the  peroxidase  can  exist  in  butter  under 
ordinary  conditions  of  storage  is  important,  since  the  peroxidase 
present  in  butter,  in  spite  of  the  absence  of  a  peroxid,  may  be  able  to 
transfer  slowly  some  of  the  inclosed  oxygen  to  the  several  oxidizable 
substances  present.  It  is  possible  that  such  slow  oxidation  may  be 
materially  assisted  by  the  presence  of  organic  salts  of  iron  or  of 
other  metals  and  by  the  fine  subdivision  of  the  inclosed  oxygen  by 
overworking  the  butter.* 

The  tests  for  peroxidase  in  buttermilk  were  repeated  in  June,  1910, 
when  the  samples  were  one  year  old.  The  reaction  was  given  by  only 
about  half  the  samples  that  had  previously  given  it,  clearly  indi- 
cating the  instability  of  the  peroxidase.  The  disappearance  was 
probably  brought  about  by  the  slow  digestion  that  had  taken  place. 
The  peroxidase  reaction  in  raw  milk  can  be  made  to  disappear  in 
about  20  or  25  days,  by  allowing  the  milk  to  sour,  adding  chloroform 
to  eliminate  subsequent  bacterial  action,  and  then  allowing  proteolysis 
by  the  lactic  add  to  go  on,  either  with  or  without  the  aid  of  pepsin. 

Peroxidase  in  raw-cream  butter  can  be  detected  as  follows:  Melt 
the  sample  at  about  45°  C.  (113°  F.),  let  the  curd  solution  sd:tle  to 
the  bottom  of  the  beaker,  pour  off  the  clear  supernatant  fat,  and  use 
5  to  10  c.  c.  of  the  curd  solution  for  the  test  with  guaiac,  as  usual. 
All  the  samples  thus  tested  (five,  fresh)  gave  positive  reactions, 
although  the  reaction  appeared  to  be  weak  when  compared  with  the 
same  reaction  in  raw  cream. 

»  Herholz.  Beltrfige  zu  bisher  bekannten  Reaktionen  zur  Unterscheidong  von  roher  und 
erhitzter  Milch  mit  besonderer  Bertlckslchtlgung  der  Guajakproben.  Dissertation.  P.  70, 
Table  C.     Braunsberg,  1908. 

«  Hippius,  Alexander.  Biologisches  zur  Milchpasteurislerung.  Jahrbuch  fttr  Kinderheil- 
kunde,  Band  61,  p.  375.     Berlin,  1905. 

»  Wilkinson,  W.  Percy,  and  Peters,  Ernst  R.  C.  Elne  neue  Reaktlon  zur  Unterscheldung 
von  roher  und  erhitzter  Milch  sowie  zum  Nachweise  von  Wasserstoffsuperoxyd  in  der  Milch. 
Zeitschrift  fUr  Untersuchungen  der  Nahrungs-  und  Genussmittel.  Band  16,  Heft  3,  pp. 
172-174.     Berlin,  1908. 

*  Rogers,  I.ore  A.  Fishy  flavor  in  butter.  U.  S.  Department  of  Agriculture,  Bureau  of 
Animal  Industry,  Circular  146,  p.  12.     Washington,  1909. 
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Five  samples  of  butter  that  had  been  in  cold  storage  for  periods 
ranging  from  1^  to  4^  years  were  tested  for  peroxidase.  They  were 
ex)ntained  in  ordinary  tin  cans,  and  only  the  inner  portions  of  the 
samples  were  used  because  of  the  presence  of  iron  rust  on  that  part  of 
(he  sample  in  contact  with  the  can.  All  of  these  gave  such  unusually 
strong  peroxidase  reactions  with  tincture  of  guaiac  and  hydro- 
gen peroxid  as  to  suggest  an  unusual  cause.  In  marked  contrast  to 
raw  cream,  these  curd  solutions  obtained  from  old  butter  when 
boiled  and  cooled  still  gave  the  peroxidase  reaction.  Even  repeated 
boiling  and  cooling  did  not  remove  from  this  material  the  property 
of  giving  this  reaction.  Evidently  the  peroxidase  in  raw  cream  is 
different  from  that  present  in  these  samples  of  old  butter. 

In  view  of  the  fact  that  the  catalytic  oxidation  of  guaiac  resin  and 
of  other  substances  by  metals  or  their  salts  has  frequently  been 
observed,*  it  was  natural  to  suppose  that  the  peroxidase  reaction 
in  the  boiled  curd  solutions  was  due  not  to  the  enzym  occurring  nor- 
mally in  raw  milk,  but  to  some  metallic  compound  of  extraneous 
origin.  The  old-curd  solutions  were  qualitatively  tested  for  iron  by 
adding  to  the  unconcentrated  material  a  few  drops  of  dilute  hydro- 
chloric acid  and  potassium  ferrocyanid  or  ammonium  sulphocya- 
nate.  Positive  tests  were  easily  obtained.  Control  tests  showed  that 
much  more  iron  was  present  in  the  curd  solutions  than  in  milk.  Raw 
milk  or  buttermilk  containing  approximately  0.1  per  cent  of  iron 
added  as  chlorid  or  sulphate  will  give  the  peroxidase  reaction  even 
after  being  boiled.  It  would  seem  reasonable  to  attribute  the  perox- 
idase reaction  in  the  boiled  curd  solutions  to  their  iron  content. 

Observations  such  as  these  may  be  of  value  in  explaining  the  detri- 
mental influence  of  rusty  milk  cans,  etc.,  on  the  flavor  and  keeping 
quality  of  butter.^ 

CATALASE. 

The  method  of  testing  for  catalase  was  as  follows:  Fifty  cubic 
centimeters  of  cream,  milk,  or  buttermilk  was  introduced  into  a  100 
c.  c.  Erlenmeyer  flask  and  25  c.  c.  of  commercial  hydrogen  peroxid 
solution  added.  The  flask  was  quickly  closed  with  a  rubber  stopper 
provided  with  a  bent  glass  tube,  the  other  end  of  which  was  inserted 
into  a  fermentation  tube  (capacity  20  c.  c.)  filled  with  water.  If 
raw  cream  were  used,  the  oxygen  liberated  by  the  catalase  rose  in 
the  fermentation  tube  and  completely  filled  it  three  or  four  times  in 
a  few  minutes.    With  raw  milk  or  pasteurized  cream  the  liberation 

lAlsberg,  Carl  A.  Beltrftge  zur  Kenntnls  der  Guajak-Reaktion.  Archlv  ftir  Experl- 
mentelle  Pathologic  und  Pharmakologie.  Supplementband  1908.  Festschrift  Prof.  Oswald 
Schmledcberg,  pp.  39-53.     Leipzig,  1908. 

Colwell,  noctor  C.  The  catalytic  oxidation  of  guaiac  resin  by  metallic  copper.  Jour- 
nal of  Physiology,  vol.  39,  pp.  358-360.     London,  1909-1910. 

'  Olson,  George  A.  Rusty  cans  and  their  effect  upon  milk  for  cheesemaking.  WlBConsin 
Agricultural  Experiment  Station,  Bulletin  162.     Madison,  1908. 
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of  gas  was  slower,  until  with  cream  pasteurized  at  high  temperature 
only  a  few  bubbles  were  obtained  even  on  long  standing.  By  this 
method  the  distinction  between  raw  cream  and  that  in  which  cata- 
lase  has  been  destroyed  was  easy  to  make.  The  above  proportions  of 
cream  and  hydrogen  peroxid  were  used  because  they  were  found  to 
be  convenient;  slight  deviations  from  them  do  not  detrimentally 
affect  the  results. 

Results  for  catdlase, — From  the  results  (obtained  in  June,  1909) 
summarized  in  Table  3,  it  is  apparent  that  the  catalase  in  cream  was 
destroyed  when  pasteurized  at  70°  to  71°  C.  (158°  to  160°  F.).  This 
is  a  few  degrees  below  the  temperature  at  which  peroxidase  is  de- 
stroyed. Confirmatory  tests  made  in  September,  1909,  on  the  corre- 
sponding samples  of  buttermilk  gave  similar,  results.  The  tests  on 
buttermilk  were  repeated  in  June,  1910.  None  of  the  samples  then 
gave  the  catalase  reaction  except  No.  59,  from  cream  pasteurized  at 
93°  C.  (200°  F.),  which  gave  it  strongly.  Accidental  bacterial  con- 
tamination was  the  probable  cause.  It  did  not  give  the  peroxidase 
reaction,  showing  that  in  this  instance,  at  least,  the  two  reactions 
are  due  to  two  different  substances  or  agents.  This  has  been  ob- 
served before.^ 

Catalase  in  appreciable  amounts  probably  is  not  present  in  butter 
made  from  properly  pasteurized  cream.  As  a  possible  factor  influ- 
encing the  quality  of  storage  butter  it  may  obviously  be  left  out  of 
consideration  when  butter  is  made  from  pasteurized  cream.  A  dis- 
cussion of  its  possible  action  in  raw-cream  butter  must  be  deferred 
until  more  data  are  obtained. 

CAIJICTASE. 
METHOD  OF   MEASURING  THE  ACTIVITY   OF  QALACTA8E  IN   BUTTERMILK. 

To  determine  whether  the  galoctase  in  cream  was  destroyed  or 
partly  inactivated  at  the  different  pasteurizing  temperatures,  water- 
soluble  nitrogen  was  determined  in  the  buttermilk  shortly  after 
churning  and  after  preservation  (with  chloroform)  for  an  average  of 
83  days  at  room  temperature. 

Into  a  500  c.  c  volunietric  flask  50  to  200  c.  c.  of  buttermilk  was 
introduced.  The  same  volume  of  buttermilk  was  used  at  the  be- 
ginning and  at  the  end  of  the  period.  Distilled  water  was  added 
up  to  about  400  to  450  c.  c.  One-fifth  normal  acetic  acid  was  slowly 
and  carefully  added  until  the  casein  separated  completely  in  large 
flocculi,  leaving  the  supernatant  liquid  practically  water  clear.  For 
amounts  of  acetic  acid  used  see  Table  5.  Distilled  water  was  added  to 
the  500  c.  c.  mark,  and  the  mixture  was  filtered  on  a  32  cm.  folded 
filter  (S.  &  S.  No.  588  or  595)  into  a  clean,  dry  500  c.  c.  volumetric 

^Kastle,  J.  H.  The  oxidases  and  other  oxygen-catalysts  concerned  in  biological  oxida- 
tions. U.  S.  Treasury  Department,  Public  Health  and  Marine-Hospital  Service,  Hygienic 
Laboratory,  Bulletin  59.     Washington,  1910. 
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flask.  During  the  filtration  the  funnel  was  covered  with  a  well- 
fitting  watch  glass  to  minimize  evaporation.  The  first  part  of  the 
filtrate  was  returned  to  the  filter  two  or  three  times  until  the  filtrate 
was  freed  from  all  particles  of  suspended  protein.  When  200  c.  c. 
of  buttermilk  were  used  the  filtrate  was  colored  faintly  yellow  and 
was  not  more  opalescent  than  other  solutions  of  equal  protein  content. 
In  two  200  c.  c.  portions  of  the  filtrate  total  nitrogen  was  determined 
by  the  usual  Kjeldahl  method.  The  remaining  part  of  the  filtrate 
was  measured  and  the  total  amount  recovered  noted.  The  figures 
were  recorded  to  make  certain  that  the  amount  of  filtrate  recovered 
did  not  vary  enough  to  affect  the  results  appreciably.  Variations  in 
the  amount  of  filtrate  evaporated  will  introduce  little  or  no  error  into 
the  calculations,  if  the  same  amounts  of  buttermilk  are  used  at  the 
beginning  and  the  end  of  the  period.  The  average  amount  of  filtrate 
recovered  was  465  c.  c;  both  in  June  and  in  September,  1909,  it 
varied  between  445  and  490  c.  c.  Some  of  the  filtrate  was  of  course 
retained  by  the  precipitate  on  the  filter  paper. 

With  a  little  practice  the  amount  of  acetic  acid  to  be  used  in  effect- 
ing the  complete  precipitation  of  the  casein  can  be  accurately  deter- 
mined by  noting  the  appearance  of  the  precipitate  and  of  the  liquid 
in  which  it  is  suspended.  The  precipitation  is  very  nearly  maximal 
when  the  casein  separates  out  in  large  flocculi  that  are  suspended  in 
a  practically  water-clear  fluid.  This  is  easily  observable  at  the  line 
of  contact  between  the  upper  surface  of  the  liquid  and  the  side  of 
the  containing  vessel.  AVhen  the  precipitation  is  properly  made  fil- 
tration is  rapid,  requiring  usually  from  two  to  four  hours.  It  was 
frequently  found  convenient  to  allow  filtration  to  go  on  overnight. 
The  funnel  is  then  lowered  so  as  to  close  almost  competely  the  receiv- 
ing flask.  From  time  to  time  the  filtrates  were  tested  by  the  addi- 
tion of  more  acid  or  of  alkali  to  make  certain  that  the  amounts  of 
acetic  acid  used  were  such  as  to  give  the  maximal  precipitation.  No 
difficulty  was  experienced  in  correctly  judging  these  amounts. 

The  number  of  possible  sources  of  error  in  this  determination  is 
large,  and  care  must  be  taken  to  maintain  uniform  conditions  when 
making  these  determinations  at  the  beginning  and  the  end  of  the 
period. 

The  average  of  the  two  nitrogen  determinations  was  multiplied  by 
I ,  as  200  out  of  500  c.  c.  was  used,  and  the  result  was  called  (total) 
water-soluble  nitrogen.  Obviously  this  is  not  absolutely  correct, 
because  the  volume  of  the  filtrate  is  500  c.  c.  minus  the  volume  of  the 
precipitate.  The  figures  for  the  increase  in  water-soluble  nitrogen 
(Table  4)  were  obtained  by  subtracting  the  amounts  obtained  in 
June  from  those  obtained  in  the  same  way  in  September. 

Results  for  galactase. — In  all  of  the  samples  of  buttermilk  tested 
water-soluble  nitrogen  increased  very  appreciably.    The  increase  was 
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greatest  in  the  buttermilk  from  raw  cream  and  least  in  the  buttermilk 
from  cream  pasteurized  at  93^  C.  (200°  F.).  Between  71°  and 
77°  C.  (160  and  170°  F.)  this  increase  was  markedly  diminished, 
indicating  that  pasteurization  between  these  temperatures  strongly 
inhibited  the  activity  of  the  galactase.  The  proteolytic  agent,  pre- 
sumably galactase,  was  not  completely  destroyed  by  the  pasteuriza- 
tion at  any  of  the  temperatures  used. 

As  the  pasteurizing  temperature  was  raised  the  amount  of  water- 
soluble  nitrogen  in  the  fresh  samples  was  appreciably  diminished. 
All  of  the  filtrates  contained  protein  coagulable  by  heat  in  neutral 
solution,  so  that  the  diminished  content  of  water-soluble  nitrogen 
may  be  due,  therefore,  to  a  partial,  but  not  complete,  coagulation  of 
milk  proteins  other  than  casein. 

Table  4. — Influence  of  pasteurization  on  the  activity  of  galactase  in  buttermilk. 


Cream. 


Water-soluble  nitrogen  In  100  c.  c.  of  buttermilk  expressed  i 


Sam- 

Pasteur- 
itedat- 

Cubic  centimeters  of 
N/6  nitrogen. 

Grams  of  nitrogen. 

Per  car 

it  of  total  nitrogen. 

June. 

Sept. 

C.  C. 

in- 
crease. 

c.  c. 

June.      Sept. 

Increase. 

June. 

Sept. 

Increase. 

•c. 

Of. 

c.  c. 

Gram. 

Oram. 

Oram. 

Percent. 

Percent. 

Percent. 

46.... 

Raw. 

Raw. 

41.8 

99.5 

57.7 

0.117 

0.279 

0.102 

25.3 

60.3 

35.0 

47.... 

60 

140 

40.8 

90.3 

49.5 

.114 

.253 

.139 

2-1.7 

54.8 

30.1 

48.... 

60 

140 

35.7 

81.3 

45.6 

.100 

.228 

.128 

21.7 

49.3 

27.6 

58.... 

66 

150 

37.5 

82.1 

44.6 

.105 

.230 

.125 

22.7 

49.8 

27.1 

63.... 

60 

150 

36.9 

80.2 

43.3 

.103 

.225 

.122 

22.4 

48.6 

26.2 

52.... 

71 

160 

33.4 

87.8 

54.4 

.094 

.246 

.152 

20.3 

53.3 

33.0 

51.... 

71 

160 

35.7 

85.4 

49.7 

.100 

.239 

.139 

21.7 

51.8 

30.1 

56.... 

77 

170 

28.6 

59.2 

30.6 

.080 

.106 

.086 

17.3 

35.9 

18.6 

53.... 

80 

170 

33.4 

66.6 

33.2 

.094 

.187 

.093 

20.3 

40.4 

20.1 

54.... 

82 

180 

28.0 

58.6 

30.6 

.078 

.164 

.086 

17.0 

35.5 

18.5 

55..-. 

88 

190 

23.6 

42.0 

18.4 

.066 

.118 

.052 

14.3 

23.5 

11.2 

57.... 

88 

190 

27.4 

61.5 

24.1 

.077 

.144 

.007 

16.6 

31.2 

14.6 

59.... 

93 

200 

24.0 

42.5 

18.5 

.067 

.119 

.052 

14.6 

25.8 

11.2 

Total  nitrogen  in  100  c.  c.  buttermilk -0.462  gram. 

Table  5. — Analytic  data  obtained  in  Table  4  calculated  to  average  digestion 

period. 


Cream. 

Increase  in  water-soluble  nitrogen 

Volume    of    N/5 
acetic  acid  used 
for  precipitation. 

in  100  c.  c.  of  buttermilk  catou- 

Pasteurized 

lated  to  83  days  digestion  period, 
expressed  as— 

Digestion 
period. 

Volume 

of 
butter- 
milk 

Sample 

No. 

at 

C.  c  of  N/5 
nitrogen. 

Grams  of 
nitrogen. 

Per  cent 
of  total 
nitrogen. 

Percent. 

used. 

June. 

Sept. 

"C. 

•F. 

c.c. 

Oram. 

Days. 

c.  c. 

c.c. 

c.  r. 

46 

Raw. 

Raw. 

66.3 

0.158 

34.2 

85 

50 

15 

9 

47 

60 

140 

48.3 

.136 

29.4 

85 

50 

13 :           9 

48 

60 

140 

46.1 

.128 

27.3 

84 

100 

27  ;              20 

58 

66 

150 

45.1 

.127 

27.4 

82 

200 

44                 17 

63 

66 

150 

44.9 

.126 

27.2 

80 

200 

41 

17 

52 

71 

160 

50.2 

.140 

30.4 

90 

150 

41 

14 

61 

71 

160 

45.3 

.127 

27.5 

91 

150 

34 

13 

56 

77 

170 

31.7 

.089 

19.3 

80 

200 

44 

20 

53 

80 

176 

33.2 

.093 

20.1 

83 

160 

40 

21 

54 

82 

180 

31.4 

.088 

19.0 

81 

200 

44 

20 

55 

88 

190 

18.9 

.053 

11.4 

81 

200 

44 

17 

57 

88 

190 

25.0 

.070 

16.2 

80 

200 

44 

28 

59 

93 

200 

18.7 

.052 

11.4 

82 

200 

39 

17 
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According  to  Babcock,  Russell,  and  Vivian  ^  "  it  is  apparent  that 
heating  the  enzym  solutions  for  10  minutes  at  76°  C.  suffices  to  de- 
stroy the  digestive  ferment  galactase,  and  even  at  71°  C.  for  the  same 
exposure  its  action  was  materially  reduced."  Hippius^  found  that 
the  proteolytic  enzym  of  cow's  milk  can  withstand  an  exposure  to 
65°  C.  (149°  F.)  for  one-half  hour  and  is  not  destroyed  till  near 
100°  C.  (212°  F.),  at  which  temperature  a  short  exposure  is  sufficient. 
In  the  light  of  such  results  it  does  not  seem  remarkable,  therefore, 
that  cream  pasteurized  at  93°  C.  (200°  F.)  for  about  30  seconds 
should  still  contain  active  galactase.  It  is  of  course  possible  that  in 
pasteurized  milk  or  buttermilk  that  has  been  preserved  for  long 
periods  of  time  the  observed  proteolysis  is  due  not  alone  to  unde- 
stroyed  galactase,  but  to  the  hydrolytic  action  of  water  as  well. 


S4MlKL£/mfS£P^^  ^fC      ^47       '^a      sa       S3      S2       S/       S€      S3      S^      <SS      S7      S3 
mSTB/mZif^   ^  [^t¥    /4K7    A^     A50     /so     /€0    A60     /TO     /7S    /SO     /90    /90   200*/=" 
7£/iPlEIM7V^9£^\^l¥     €0      €0       €9      SS      7/       7/       77       60      92      SB      69      93  *Q 

Pig.  24. — Increase  in  water-soluble  nitrogen  in  100  c.  c.  of  buttermilk,  calculated  to  83 
days  digestion  period.     (Graphic  representation  of  analytical  data  in  Table  6.) 


LIPASE. 

Portions  of  the  same  sample  of  raw  milk  were  pasteurized  at  dif- 
ferent temperatures  and  the  activity  of  the  lipase  present  determined 
by  titrating  the  amount  of  acid  liberated  by  it  from  ethyl  butyrate. 
The  apparatus  in  which  the  pasteurization  was  done  consisted  of  a 
2|-liter  acid  bottle  containing  the  milk  to  be  pasteurized.  This  was 
inverted  over  a  5-inch  funnel  connected  by  means  of  rubber  and 
glass  tubing  with  a  coil  of  glass  tubing  (obtained  from  two  vertical 
condensers)  immersed  in  a  pan  containing  hot  water.  From  the  coil 
the  milk  was  passed  through  two  ordinary  Liebig  condensers. 

About  3  liters  of  cold  raw  milk  as  received  from  the  dealer  was 
transferred  to  two  large  beakers  and  heated  in  a  hot-air  bath  to  40° 

1  Babcock,  S.  M.,  Russell,  H.  L.,  and  Vivian,  Alfred.  Properties  of  galactase  :  A  digestive 
ferment  of  milk.  Wisconsin  Agricultural  Experiment  Station,  Fifteenth  Annual  Report, 
1808,  p.  82. 

2  Hippius,  Alexander.  Biologisches  zur  Milchpasteurisierung.  Jahrbuch  fttr  Kinderheil- 
kunde.  Band  61,  p.  380.     Berlin,  1905. 
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to  45°  C.  (104°  to  113°  F.),  requiring  20  to  40  minutes.  The  milk 
was  transferred  to  a  2^-liter  bottle  and  inverted  over  the  funnel  con- 
nected with  the  pasteurizer.  The  water  in  the  pan  having  been  pre- 
viously heated  to  90°  to  93°  C.  (194°  to  200°  F.),  the  milk  was 
allowed  to  flow  through  the  glass  coil  in  which  the  pasteurization  took 
place.  The  temperature  of  the  milk  as  it  left  the  coil  was  indicated 
by  a  thermometer  placed  in  it  for  the  purpose.  When  the  milk 
entering  the  coil  was  at  45°  C.  (113°  F.)  and  the  water  in  the  pan 
at  93°  C.  (200°  F.)  the  outflowing  milk  was  at  82°  C.  (180°  F.). 
The  burner  under  the  pan  was  lowered  or  turned  out,  according  to 
circumstances,  and  as  the  temperature  fell  the  receivers  (300  c.  c. 
flasks)  at  the  end  of  the  condenser  were  changed  so  as  to  receive  in 
each  one  of  them  the  milk  that  had  been  pasteurized  over  a  range  of 
temperature  not  exceeding  2°  C.  (3.6°  F.).  In  some  of  the  experi- 
ments the  range  was  but  1°  C.  (1.8°  F.).  The  amount  of  milk  re- 
ceived in  each  flask  varied  from  150  to  250  c.  c.  When  the  pasteur- 
izing temperature  was  highest  the  milk  as  it  left  the  condenser  was 
at  45°  C.  (113°  F.).  The  receivers  were  placed  in  ice  and  salt  for  a 
few  minutes  to  cool  the  milk  still  further. 

The  height  of  the  2^-liter  containing  bottle  above  the  coil,  etc. 
(approximately  60  cm.) ,  was  so  adjusted  that  the  milk  passed  through 
the  apparatus  in  about  the  same  time  as  it  does  in  the  "  flash  "  pas- 
teurizer, i.  e.,  15  to  30  seconds.  The  pasteurization  of  3  liters  of 
milk  and  its  collection  in  9  or  10  separate  receivers,  with  the  rejec- 
tion of  milk  pasteurized  at  intermediate  temperatures,  was  accom- 
plished without  difficulty  in  13  to  14  minutes.  In  general,  the  pas- 
teurization was  conducted  as  closely  as  possible  under  the  same  condi- 
tions as  existed  in  the  creamery  at  the  field  laboratory.  The  several 
series  of  samples  of  pasteurized  milk  were  tested  for  the  peroxidase 
reaction,  using  tincture  of  guaiac  and  dilute  hydrogen  peroxid  solu- 
tion. The  peroxidase  reaction  disappeared  at  77°  to  79°  C.  (170° 
to  174°  F.),  indicating  that  in  this  respect  at  least  the  pasteurization 
in  the  two  places  had  been  carried  out  in  substantially  the  same  way. 

METHOD   OF   MEASUBINO   THE    ACTIVITT   OF   LIPASE   IN    MILK. 

Into  each  of  two  100  c.  c.  Erlenmeyer  flasks  a  50  c.  c.  portion  of 
the  sample  was  transferred  from  a  measuring  cylinder,  beginning 
with  the  sample  that  has  been  pasteurized  at  the  highest  tempera- 
ture. One-half  of  a  cubic  centimeter  of  chloroform  and  5  drops  of 
phenolphthalein  solution  were  added  to  all  the  flasks.  To  one  of 
each  pair  of  flasks  0.5  c.  c.  of  ethyl  butyrate  was  added,  the  other, 
containing  the  milk,  chloroform,  and  phenolphthalein  mixture,  being 
used  as  a  control.  The  contents  of  all  the  flasks  were  immediately 
titrated  to  a  distinct  and  uniform  pink  with  tenth  normal  sodium 
hydroxid,  after  which  the  flasks  were  tightly  stoppered  with  rubber 
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stoppers.  This  titration  gave  the  amounts  of  alkali  required  to  neu- 
tralize the  acidity  of  the  milk,  ethyl  butyrate,  etc.  The  flasks  were 
set  aside  (a  thermostat  at  26®  C.  [79°  F.]  was  convenient  for  this 
purpose)  and  rotated  about  once  in  12  hours.  At  24-hour  intervals 
the  liberated  acid  was  titrated,  both  in  the  ethyl  butyrate  mixtures 
and  in  the  controls,  to  a  distinct  and  uniform  pink,  the  color  from 
the  previous  day's  titration  having  been  discharged  by  the  acid  lib- 
erated. In  titrating  the  controls  at  the  beginning  of  an  experiment 
approximately  11  c.  c.  of  tenth  normal  sodium  hydrate  was  required 
to  bring  the  mixture  of  milk  and  chloroform  to  a  reaction  faintly 
alkaline  to  phenolphthalein.  By  the  following  day  the  pink  color 
had  disappeared,  and  the  reaction  could  again  be  made  alkaline  by 
the  addition  of  approximately  1  c.  c.  of  tenth  normal  sodium  hy- 
droxid.  In  this  way  it  was  ascertained  that  in  24  hours  about  1  c.  c. 
of  alkali  was  in  some  way  consumed,  probably  by  slow  combination 
with  some  constituent  of  the  mixture.  If  more  than  1  c.  c.  of  alkali 
was  added,  the  pink  color  persisted  for  a  longer  time;  thus,  after 
the  addition  of  an  excess  of  3  c.  c.  of  alkali,  the  control  remained 
pink  for  over  8  days.  •  In  mixtures  containing  milk  pasteurized 
at  74°  C.  (165°  F.)  or  over  (and  presumably  no  lipase)  and  ethyl 
butyrate,  chloroform,  etc.,  the  pink  color  disappeared  more  rapidly, 
which  indicated  that,  in  addition  to  the  alkali  consumed  as  described 
above,  a  small  amount  of  alkali  was  used  up  in  hydrolyzing  ethyl 
butyrate. 

The  figures  in  the  last  column  of  Table  6,  headed  "  Corrected  total 
acid,"  are  the  figures  in  the  preceding  column  minus  6.6  c.  c,  which 
represents  very  closely  the  amount  of  alkali  consumed  in  the  two 
above-described  ways;  i.  e.,  the  correction  used  here  represents  the 
amount  of  alkali  consumed  in  those  mixtures  in  which  the  lipase  was 
apparently  destroyed,  and  which  also  contained  ethyl  butyrate. 

Results  for  lipase. — ^The  figures  in  Table  6  are  typical  of  three 
other  series  giving  similar  results.  It  is  evident  that  the  lipase  was 
destroyed  very  near  70°  C.  (158°  F.).  It  is  possible  that  it  was  not 
totally  destroyed  until  a  few  degrees  above  this  temperature,  but  the 
method  did  not  permit  the  distinction  between  the  very  slow  hy- 
drolysis of  ethyl  butyrate  by  the  small  amounts  of  alkali  present 
or  by  the  weakened  lipase  possibly  present  in  the  milk  pasteurized 
above  70°  C.  (158°  F.).  An  attempt  to  strengthen  the  lipase  by  the 
addition  of  an  excess  of  alkali  showed  this  to  be  inadvisable,  because 
the  excess  of  alkali  tended  to  hydrolyze  the  ethyl  butyrate  directly. 

The  destruction  of  lipase  at  somewhat  lower  temperatures  was 
observed  by  Terroine,^  who  found  that  pancreatic  juice  lost  its  lipo- 
lytic power  when  heated  for  10  minutes  at  65°  C.  (149°  F.),  and  by 

iTerrolne,  Emlle  F.  Zur  Kenntnis  der  Fettspaltung  durch  Pankreassaft.  I.  Bioche- 
miscb?  Zeitschrift,  Band  23,  p.  424.     Berlin,  1010. 
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Hippius,*  who  found  that  the  lipase  in  human  milk  was  destroyed 
when  exposed  for  a  short  time  to  a  temperature  of  64°  C.  (147°  F.) 


Table  6.— . 

Influence  of  pasteurization  on  the  activity  of  lipase  in  milk. 

N/IO  so- 

N/10 acid  liberated  at  end  of— 

dium  hy- 
droxid 
required 
for  neu- 
tralization 
of  milk, 
etc. 

Total 
acid  lib- 
erated. 

Milk  pasteurized 
atr- 

Iday. 

2  days. 

3  days. 

4  days. 

7  days. 

Corrected 
total 
acid. 

•a 

•F. 

e.e. 

c.e. 

e.e. 

c.e. 

c.e. 

e.e. 

e.c.N/W. 

e.e.  N/IO. 

Raw. 

Raw. 

12.9 

10.2 

6.2 

4.3 

3.0 

3.3 

27.0 

20.4 

55 

131 

12.3 

7.8 

5.1 

3.8 

2.8 

3.5 

23.0 

16.4 

67 

135 

12.5 

7.7 

5.2 

4.0 

2.5 

3.6 

23.0 

16.4 

00 

140 

12.3 

7.6 

5.0 

3.4 

2.5 

3.4 

21.9 

15.3 

63 

145 

12.6 

6.3 

3.9 

3.0 

2.1 

2.8 

18.1 

11.5 

66 

150 

12.4 

3.7 

2.8 

2.0 

1.7 

2.2 

12.4 

5.8 

68 

155 

12.4 

2.5 

1.9 

1.5 

1.3 

1.9 

9.1 

2.5 

70 

158 

12.3 

2.2 

1.6 

1.2 

1.2 

1.9 

8.1 

1.5 

74 

165 

12.4 

1.7 

1.2 

1.1 

1.2 

1.7 

6.9 

0.3 

77 

170 

12.4 

1.9 

1.2 

1.1 

1.1 

1.6 

6.9 

0.3 

80 

176 

13.1 

1.6 

1.0 

1.3 

1.0 

1.7 

6.6 

0.0 

DISCUSSION  OF  ENZYM  EXPERIMENTS. 

In  general,  the  results  obtained  on  the  thermal  death  points  of  the 
milk  enzyms  are  in  accord  with  those  obtained  by  other  investigators. 
But  close  comparisons  with  their  work  could  not  always  be  made, 
because  the  pasteurization  process  was  seldom  carried  out  by  two 
investigators  in  exactly  the  same  way  or  for  the  same  length  of  time. 
Frequently  their  descriptions  were  so  imperfect  in  detail  as  to  make 
a  reproduction  of  their  work,  were  it  desired,  practically  impossible. 
For  example,  one  investigator  omitted  to  state  how  long  the  pas- 
teurization lasted.  In  addition,  variations  in  the  methods  of  testing 
for  these  enzyms  make  comparisons  still  more  difficult. 

It  has  been  shown  that  in  the  pasteurization  process  catalase  and 
lipase  are  destroyed  at  70°  to  71°  C.  (158°  to  160°  F.) ;  peroxidase 
was  destroyed  at  77°  to  79°  C.  (170°  to  175°  F.) ;  and  galactase, 
though  strongly  inactivated  between  71°  and  77°  C.  (160°  and  170° 
F.),  is  not  totally  destroyed  even  at  93°  C.  (200°  F.). 

It  is  highly  probable  that  imder  the  pasteurizing  conditions  pre- 
vailing at  most  creameries  that  use  pasteurized  cream  for  butter 
making  the  first  two  of  these  enzyms  are  destroyed.  Therefore,  as 
possible  factors  influencing  the  keeping  qualities  of  butter  made 
from  pasteurized  cream,  these  may  be  left  out  of  consideration.  But 
on  account  of  their  higher  thermal  death  points  it  is  probable  that 
peroxidase  is  not  always  destroyed  and  galactase  is  rarely,  if  ever, 
completely  destroyed.  Consequently  both  of  these  enzyms  may  be 
considered  possible  factors  in  the  deterioration  of  storage  butter. 


1  Hippius,  Alexander.     Biologisches  zur  MllcbpaBteurlslerung. 
Isunde,  Band  61,  p.  377.     Berlin,  1905. 
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It  has  been  shown  that  both  of  these  enzyms  are  present  in  butter- 
milk obtained  from  cream  pasteurized  at  high  temperatures.  Re- 
searches are  now  in  progress  to  determine  whether  the  peroxidase  is 
engaged  in  slowly  oxidizing  one  or  more  of  the  constituents  of  the 
butter  or  in  assisting  in  such  oxidation.  The  figures  in  Table  4  show 
that  the  galactase  remaining  undestroyed  in  the  buttermilk  con- 
tinued to  hydrolyze  the  proteins  present  The  possible  activity  of 
galactase  in  storage  butter  is  likewise  being  studied. 

It  is  obvious  that  a  similar  study  of  the  action  of  the  other  two 
enzyms  would  be  of  interest  because  of  their  possible  influence  on  the 
keeping  quality  of  raw-cream  butter. 

It  must  not  be  inferred  that  the  writers  assume  a  relation  between 
the  milk  enzyms  present  in  butter  and  its  keeping  qualities.  The 
results  thus  far  obtained,  however,  indicate  that  the  probability  of 
the  existence  of  such  a  relation  is  great  enough  to  warrant  the  studies 
already  undertaken  along  these  lines.  The  present  paper,  on  the 
chemical  side,  is  therefore  preliminary  only. 

SCORING  THE  BUTTER.* 

The  butter  made  in  these  experiments  was  packed  in  hermetically 
sealed  cans  holding  about  2  pounds  each  and  stored  at  —12°  C. 
(10°  F.).  For  scoring,  one  can  was  sent  to  each  of  three  experienced 
butter  judges  who  worked  independently  of  each  other  and  with  no 
knowledge  of  the  history  of  the  sample.  The  scores  for  the  first 
season's  work  were  so  inconclusive  that  they  are  not  included  in  the 
tables.  In  the  second  season's  work  a  wider  range  of  temperature 
was  used,  exceeding  the  limits  of  safety  at  both  ends  of  the  range. 
The  first  scoring  was  made  after  about  40  days  in  storage,  and  the 
second  after  about  150  days. 

The  scores  are  given  in  Table  7,  and  presented  graphically  in 
figures  25  and  26.  The  scores  of  the  three  judges  are  not  averaged 
because,  while  in  the  main  they  agree  closely,  it  is  believed  that  on 
account  of  varying  standards  an  average  will  not  always  indicate 
the  true  conditions.  The  average  score  at  the  various  temperatures 
by  each  scorer  is  given  in  Table  8  and  shown  graphically  in  figure  26. 

The  tables  show,  as  would  be  expected,  a  marked  difference  between 
the  unpasteurized  and  the  pasteurized  cream  butter.  They  indicate 
also  that  pasteurizing  temperatures  between  60°  and  66°  C.  (140® 
and  150°  F.)  leave  in  the  cream  some  factors  causing  a  deterioration 
of  the  butter.  Good  results  were  secured  from  the  cream  pasteurized 
at  71°  C.  (160°  F.).  At  81°  C.  (180°  F.)  some  of  the  samples  were 
marked  scorched  or  cooked. 

1  The  authoFB  acknowledge  their  indebtedness  to  Mr.  r.  H.  Kelffer,  of  Gude  Bros.  Kelffer 
Co. ;  Mr.  Cromer,  of  the  Fox  River  Butter  Co. ;  and  Mr.  John  B.  Newman,  assistant  food 
and  dairy  commissioner  of  Illinois,  who  kindly  scored  the  butter. 
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FiQ.  25. — Effect  of  pasteurization  temperature  of  cream  on  quality  of  storage  butter. 

(See  Table  7.) 
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At  88°  and  93°  C.  (190°  and  200°  F.)  the  quality  of  the  butter  was 
noticeably  affected  by  the  high  heat,  although  some  of  the  scorched 
flavor  disappeared  on  long  standing.  The  temperature  at  which 
creain  acquires  a  scorched  flavor  is  no  doubt  influenced  by  the  amount 
of  fat  in  the  cream,  the  promptness  of  the  cooling  process,  the  relation 
of  the  amount  of  cream  pasteurized  to  the  capacity  of  the  pasteur- 
izer, and  possibly  other  factors.  The  upper  limit  of  pasteurization 
therefore  can  not  be  determined  arbitrarily,  but  is  dependent  on 
varying  circumstances.  Certainly  nothing  is  gained  by  exceeding 
82°  C.  (180°  F.),  and  it  is  probable  that  there  is  no  advantage  in 
going  above  77°  C.  (170°  F.)  except  the  increased  certainty  of  the 
destruction  of  the  organisms  of  tuberculosis.  The  lower  limit  of  effi- 
cient pasteurization  may  be  set  at  71°  C.  (160°  F.),  although  under 
ordinary  conditions  it  will  be  much  safer  to  use  at  least  74°  C. 
(165°  F.). 

It  should  be  remembered,  however,  that  these  statements  apply 
only  to  the  conditions  under  which  this  work  was  carried  out;  that 
is,  the  pasteurization,  in  a  continuous  machine,  of  sweet  cream  for 
buttermaking.  If  cream  is  pasteurized  in  a  vat  or  other  holding 
device  lower  temperatures  may,  undoubtedly,  be  used. 

Table  7. — Effect  of  pasteurization  of  cream  at  various  temperatures  on  quality 

of  storage  butter. 


Sample 
No. 

Pasteurtelng  tem- 
perature. 

Scored  by  N. 

Scored  by  C. 

Scored  by  K. 

•c. 

•F. 

40  days. 

150  days. 

40  days. 

150  days. 

40  days. 

150  days. 

46 

Raw. 

Raw. 

86 

85 

88 

85 

85 

82 

60 

Raw. 

Raw. 

86 

86 

85 

87 

88 

85 

47 

60 

140 

93^ 

88 

89 

87 

91 

02 

48 

60 

140 

91 

92i 

93 

90 

92 

93 

60 

60 

140 

93} 

89 

92 

91 

89 

93 

61 

60 

140 

86 

92 

88 

88 

87 

88 

62 

60 

140 

89 

92i 

90 

90 

90 

90 

49 

66 

150 

93J 

90{ 

94 

m 

93} 

93 

93 

58 

66 

150 

93 

9a 

91 

91 

91 

63 

66 

150 

93J 

89} 

91 

92 

89 

91 

64 

66 

150 

93 

87 

9U 

89 

91 

88 

61 

71 

100 

93J 

92 

93} 

^\ 

93 

93 

62 

71 

160 

94 

93| 

93i 

92 

93 

65 

71 

160 

93 

93 

93 

93 

93 

93 

66 

71 
77 

160 
170 

93 
93} 

93J 
90 

93 
93i 

92 
90 

93 

66 

93" 

93 

67 

77 

170 

93 

89 

92 

91 

91 

91 

68 

77 

170 

88 

93 

93i 

93 

91 

92 

53 

80 

176 

91i 

87J 

93 

92 

90 

93 

64 

82 

180 

93 

90 

91 

92 

91 

93 

69 

82 

180 

87 

92 

93 

92 

91 

92 

70 

82 

180 

^\ 

91 

93 

93 

91 

93 

65 

88 

190 

m 

^1 

^ 

88 

93 

67 

88 

190 

93 

90 

88 

00 

71 

88 

190 

89J 

90 

93 

92 

90 

93 

72 

88 

190 

86 

87J 
87J 

85 

85 

88 

90 

59 

93 

200 

89 

90 

89 

90 

93 

73 

93 

200 

86J 

90 

84 

86 

88 

90 
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Table  8. — Average  butter  scores. 


Number 
of 

Pasteurizing  tem- 
perature. 

Scored  by  N. 

Scored  by  C. 

Scored  by  K. 

tests. 

•c. 

•F. 

40  days. 

150  days. 

40  days. 

160  days. 

40  days. 

150  days. 

2 

Raw. 

Raw. 

86 

85} 

86J 

86 

87J 

83i 

5 

eo 

140 

90jV 

90 

OlA 

m 

80i 

Oil 

4 

66 

150 

03 

t 

90 

92 

91 

OOf 

4 
3 

71 

77 

160 
170 

93 
01 

931 
Oil 

91t 

r4 

^ 

93 
02 

1 

80 

176 

91 

87 

93 

9? 

00 

93 

3 

82 

180 

89 

01 

92i 

92} 

01 

92] 

4 

88 

190 

90 

^ 

91 

91 

88i 

9ll 

2 

93 

200 

871 

87 

87} 

89 

Oil 

9^ 
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Pig.  26. — Average  scores  of  butter,  showing  effect  of  pasteurization  of  cream  at  various 

temperatures. 

SUMMARY. 

The  proper  temperature  for  the  pasteurization  in  a  continuous 
machine  of  sweet  cream  for  butter  making  was  determined  by  observ- 
ing (1)  the  temperature  at  which  the  greater  part  of  the  bacteria 
were  destroyed,  (2)  the  temperature  at  which  the  various  enzyms 
of  the  milk  were  inactivated,  and  (3)  the  relative  keeping  quality 
of  butter  made  from  cream  pasteurized  at  different  temperatures. 

The  uniform  destruction  of  the  vegetative  bacteria  is  uncertain  at 
temperatures  below  74°  C.  (165°  F.). 

Peroxidase  was  destroyed  at  77°  C.  (170°  F.),  catalase  and  lipase 
at  70°  C.  (158°  F.).  Galactase  was  much  weakened  by  temperatures 
between  71°  C.  (160°  F.)  and  77°  C.  (170°  F.),  but  was  not  destroyed 
at  93°  C.  (200°  F.),  the  highest  temperature  employed. 
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Examination  of  the  butter  after  storage  indicated  that  pasteuriza- 
tion at  66°  C.  (150^^  F.)  or  lower  left  in  the  cream  some  factor  caus- 
ing a  deterioration  of  the  butter.  This  was  not  eiddenl  in  the  butter 
from  cream  pasteurized  at  the  next  higher  temperature,  71**  C. 
(160°  F.),  or  higher.  At  82°  C.  (180°  F.)  the  flavor  of  the  butter 
was  affected  by  the  heat  This  action,  however,  may  be  controlled 
to  some  extent  by  the  skill  of  the  butter  maker. 

For  the  continuous  pasteurization  of  sweet  cream  for  butter  mak- 
ing a  temperature  not  lower  than  74°  C.  (165°  F.)  nor  higher  than 
80°  C.  (175°  F.)  is  recommended. 
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THE  VACCINATION  OF  CATTLE  AGAINST  TUBERCULOSIS. 

By  E.  O.  SCHBOEDEB,  M.  D.  v.,  and  W.  E.  CJotton,  D.  V.  S., 
Of  the  Experiment  Station, 

AND 

John  R.  Mohleb,  V.  M.  D.,  and  Henry  J.  Washburn,  D.  V.  S^ 
Of  the  Pathological  Division. 

INTRODUCTION, 

The  heavy  annual  losses  which  are  caused  by  the  ravages  of  tuber- 
culosis among  domesticated  animals  have  been  appreciated  by  the 
inhabitants  of  infected  countries  for  many  years.  Owing  to  this 
realization  of  the  extent  of  the  havoc  wrought  by  this  insidious 
disease,  earnest  thought  and  study  have  been  devoted  by  scientific 
forces  in  all  civilized  countries  to  the  question  of  its  eradication. 

It  was  known  from  the  first  that  the  fight  against  tuberculosis 
among  cattle  would  be  a  prolonged  one  because  of  the  hidden  manner 
in  which  the  disease  makes  its  attack,  but  when  the  suggestion  was 
made  that  cattle  might  be  safely  and  completely  immunized  against 
the  disease  the  advantages  which  might  arise  from  this  method  of 
procedure  became  at  once  apparent.  It  is  obvious  that  if  the  young 
animals  of  an  infected  herd  or  locality  can  be  thoroughly  protected 
from  tubercular  infection  the  root  of  the  matter  has  been  reached, 
and  it  is  then  only  a  question  of  time  when  all  the  remaining  animals 
can  be  disposed  of  and  the  premises  can  be  cleaned  and  disinfected 
and  kept  free  from  tuberculosis. 

An  appreciation  of  the  advantages  accruing  from  immunization 
in  our  tuberculous  herds  led  the  Bureau  of  Animal  Industry  to  in- 
augurate the  tests  here  recorded.  It  was  clearly  seen  that  it  was 
most  desirable  to  devise  some  method  whereby  cattle  could  be  im- 
munized rapidly  and  without  danger  to  themselves  or  their  attend- 
ants. Therefore  a  number  of  the  most  promising  methods  of  apply- 
ing the  immunizing  agent  have  been  tried,  and  while  none  of  them 
have  proved  perfect,  some  have  been  more  or  less  efficacious  in  en- 
hancing the  powers  of  resistance  of  the  animals  treated. 

REVIEW  OF  RECENT  LITERATURE. 

At  the  Ninth  International  Congress  of  Veterinary  Medicine,  held 
at  The  Hague  in  September,  1909,  the  subject  of  immunization 
against  tuberculosis  received  most  interested  attention,  and  the  papers 
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which  dealt  with  this  question  were  actively  discussed.  Among  the 
opinions  which  were  expressed  during  this  discussion  we  quote  from 
Dr.  A.  Eber,  of  Leipsic;  Dr.  J.  F.  Heymanns,  of  Ghent;  Dr.  Klim- 
mer,  of  Dresden;  Dr.  Vallee,  of  Alfort;  and  Dr.  Arloing,  of  Lyon. 

Dr.  Eber  stated  that  the  following  conclusions  had  been  reached  by 
him  after  careful  study  of  the  entire  question  and  after  observing 
the  results  of  numerous  preventive  inoculations : 

The  receptivity  of  young  cattle  to  experimental  Infection  by  virulent  tubercle 
bacilli  may  be  materially  diminished  by  previous  inoculation  with  the  Koch 
bacillus,  even  of  varied  origin  and  virulence. 

The  Immunity  thus  conferred  is  not  absolute.  Tlie  immunized  cattle  will 
succumb  from  the  effects  of  a  sufficiently  heavy  dose  of  tuberculous  virus. 

The  increase  of  resistance  is  not  complete  for  some  time  (at  least  three 
months)  after  inoculation,  and  has  entirely  disappeared  at  the  end  of  the  first 
or  second  year. 

The  degree  and  duration  of  the  experimental  Immunity  are  Influenced  by  the 
Individual  resistance,  and  up  to  a  certain  point  by  the  quality  of  the  vaccine 
used. 

No  experimental  method  permits  one  to  foresee  the  manner  In  which  the 
vaccinated  animals  will  comport  themselves  toward  natural  or  enzootic  con- 
tagion. Practice  alone  must  decide  the  value  of  Immunization  in  the  struggle 
against  bovine  tuberculosis.  Tuberculin  does  not  positively  disclose  the  exist- 
ence of  tuberculous  centers  upon  animals  previously  treated  by  injections  of 
living  tubercle  bacilli. 

Science  has  not  yet  granted  us  a  method  of  inoculation  which  permits  effec- 
tive struggle  against  tuberculosis  in  regions  seriously  infected. 

The  new  researches  simply  shed  a  light  upon  preventive  inoculation  when 
combined  with  other  prophylactic  measures  (killing  animals  affected  with 
open  tuberculosis,  raising  the  calves  on  sterilized  milk,  plowing  pastures)  dur- 
ing the  struggle  against  tuberculosis. 

In  practice  one  prefers  methods  of  immunization  which  permit  annual  re- 
Inoculatlon.  Nevertheless,  more  exact  researches  must  be  Instituted  for  the 
purpose  of  determining  If  annual  preventive  inoculation  is  sufficient  in  every 
case  to  confer  satisfactory  Immunity. 

It  is  of  great  Importance  for  the  future  to  study  further  the  Influence  of  the 
mode  of  Inoculation  (intravenous,  subcutaneous,  digestive)  upon  the  quality 
and  duration  of  the  Immunity  acquired,  keeping  constantly  in  mind  at  the  same 
time  the  various  doors  of  entrance  of  natural  infection  (digestive  or  respira- 
tory). 

Dr.  Heymanns  limited  his  report  to  a  discussion  of  the  method 
which  he  discovered,  and  which  consists  in  inserting  into  the  animal 
vaccinated  the  imattenuated  tubercle  bacilli  inclosed  within  a  dialyz- 
ing  membrane. 

Healthy  animals  thus  vaccinated  offer  greater  resistance  to  infec- 
tion, whether  by  inoculation  or  stabling,  than  the  checks.  Although 
the  duration  and  the  degree  of  immunity  are  limited,  the  results 
obtained  during  four  years  upon  more  than  10,000  subjects  have 
been  most  encouraging. 

In  practicing  annually  tuberculination  and  vaccination  of  all  the 
cattle  in  contaminated  stables  without  separating  the  tuberculous 
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from  the  nontuberculous  and  without  heating  the  milk,  86  per  cent  of 
the  tuberculous  centers  have  been  practically  wiped  out  after  three 
or  four  years  without  the  appearance  of  any  serious  trouble  during 
the  experiment.  Upon  stables  more  seriously  contaminated  Hey- 
manns  recognizes  the  fact  that  simple  vaccination  and  tuberculina- 
tion  are  ineffective,  because  the  healthy  cattle  reinfect  themselves  in 
proportion  to  the  intensity  of  the  contagion.  Upon  such  farms,  in 
addition  to  vaccination,  appropriate  prophylaxis  must  be  imposed. 

The  tuberculous  cattle  vaccinated  and  tested  with  tuberculin  an- 
nually react  less  and  less  to  the  tuberculin,  and  by  the  third  applica- 
tion of  the  tuberculin  test  50  to  60  per  cent  of  them  fail  to  show  any 
thermic  elevation  whatever. 

The  results  of  more  than  1,000  autopsies  upon  vaccinated  cattle 
indicate  that  in  general  healthy  cattle  that  have  been  vaccinated  have 
remained  immune  to  tuberculosis  and  that  the  tuberculous  animals, 
having  ceased  to  react  to  tuberculin,  present  an  arrested  tuberculosis, 
even  a  regression,  but  the  total  absence  of  tuberculous  lesions  is 
exceptional. 

In  conclusion,  Heymanns  states  that  his  antituberculous  vaccina- 
tion is  a  method  practical  and  efficacious  and,  taken  together  with 
prophylactic  measures,  forms  a  valuable  base  in  the  struggle  against 
tuberculosis,  permitting  one  to  struggle  victoriously  against  this  foe 
of  our  stables  and  this  danger  of  infection  to  man. 

Dr.  Klimmer  has  examined  the  following  methods  of  vaccination: 
First,  the  bovo- vaccination  of  Von  Behring;  second,  the  vaccination 
with  "tauruman ''  of  Koch  and  Schiitz ;  third,  the  method  of  Hey- 
manns ;  and  fourth,  the  method  of  Klimmer. 

The  method  of  Klimmer  consists  in  vaccinating  with  attenuated 
human  tubercle  bacilli.  The  nontuberculous  animals  are  vaccinated 
twice  during  the  first  year,  and  those  that  are  tuberculous  are  vacci- 
nated every  three  months.  The  following  year  all  the  animals  are 
vaccinated  but  once. 

The  preventive  methods  of  Von  Behring  and  of  Koch  and  Schiitz 
have  proven  practically  inefficient.  The  reason  is  found  in  the  short 
duration  of  the  immunity  which  they  produce  and  in  the  impossibil- 
ity, while  following  sanitary  regulations,  of  revaccinating  either  with 
bovo-vaccine  or  the  tauruman. 

Klimmer  claims  that  it  is  not  possible  at  this  date  to  estimate  the 
curative  value  of  the  method  devised  by  Heymanns. 

The  method  of  Elimmer  has  not  yet  been  sufficiently  tested. 
Nevertheless,  out  of  43  vaccinated  animals  which  had  been  exposed, 
some  of  them  during  many  years,  to  natural  tuberculous  contagion, 
not  a  single  one  had  developed  tuberculosis  up  to  the  time  of  his 
report.  Tuberculous  young  cattle  have  been  vaccinated  and  from 
one  to  three  years  later  have  been  killed,  when  autopsy  has  shown 
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that  the  progress  of  the  disease  has  been  arrested,  the  tuberculous 
centers  have  become  encapsulated  and  frequently  calcified,  and  that 
there  has  been  no  formation  of  new  tuberculous  centers. 

Dr.  Vallfe  believes  that  we  must  recognize  that,  in  spite  of  the 
enormous  benefits  realized  on  all  sides,  none  of  the  proposed  methods 
of  vaccination  has  yet  furnished  definite  results.    He  states: 

I.  Nevertheless,  the  inoculation  of  cattle  by  any  method  with  virulent  human 
tubercle  bacilli  confers  an  appreciable  resistance  against  various  methods  of 
experimental  infection  and  also  against  natural  contagion. 

II.  The  resistance  conferred  is  directly  proportional  to  the  quantity  and  viru- 
lence of  the  bacilli  injected,  but  however  great  their  vahie,  the  immunity  con- 
ferred by  them  does  not  persist  longer  than  12  to  18  months. 

III.  The  Introduction  of  living  bacilli  as  a  vaccine  contaminates  the  entire 
organism.  This  peculiarity  necessitates  a  special  guard  over  th^  animals 
immunized,  should  they  be  sent  to  slaughter  during  the  six  months  which 
follow  the  last  vaccination. 

IV.  Whatever  the  mode  chosen  for  Introducing  the  vaccine,  the  resistance 
conferred  Is  Insufficient  to  assure  the  complete  resorption  of  the  bacilli  Inocu- 
lated for  prolonging  Immunity. 

V.  The  resistance  to  Infection  by  the  digestive  tube  of  the  animal  vaccinated 
by  that  method  Is  Incomparably  superior  to  that  acquired  by  animals  by  the 
intravenous  method,  because  it  permits  the  organism  to  obtain  complete  resorp- 
tion of  the  virulent  material  inoculated.  Considering  the  frequency  of  infec- 
tion through  the  digestive  canal  In  cattle,  the  application  of  vaccinating  mate- 
rial through  the  mouth  appears  preferable  to  every  other  method. 

VI.  Vaccination  by  the  digestive  method  can  not  be  made  entirely  free  from 
danger  of  Infection  if  one  uses  virulent  bacilli  of  the  bovine  type.  The  use  of 
bacilli  of  the  human  type  of  slight  virulence  Is,  therefore,  preferable,  as  these 
furnish  results  comparatively  equal  to  those  of  the  bovine  type. 

VII.  Vaccination  by  way  of  the  mouth  is  not  easily  obtained  except  upon  very 
young  subjects. 

VIII.  Vaccination  by  way  of  the  mouth  does  not  place  the  animals  entirely 
beyond  danger  of  infection  with  tuberculosis.  It  permits  them  to  resist  for 
more  than  a  year  contact  with  cattle  which  present  open  lesions  of  tuberculosis 
and,  following  this,  present  no  lesions  beyond  Insignificant  tubercular  nodules  in 
the  various  glands.  On  this  account  it  merits  systematic  study  and  further 
practical  application. 

IX.  The  resistance  conferred  by  subcutaneous  methods  Is  inferior  to  that 
obtained  by  way  of  the  circulation. 

X.  Vaccination  by  the  use  of  killed  bacilli  has  given  results  inferior  to  those 
obtained  with  living  and  virulent  organisms. 

XI.  No  definite  conclusion  can  yet  be  actually  formulated  in  regard  to  the 
various  methods  of  immunization  under  discussion,  but  their  systematic  appli- 
cation will  permit  a  determination  of  their  real  practical  value. 

The  method  of  immunization  proposed  by  Arloing  does  not  exactly 
resemble  any  of  the  other  systems  which  are  at  present  in  use.  Most 
of  these  latter  methods  depend  on  the  employment  of  attenuated 
tubercle  bacilli,  but  the  vaccines  employed  by  Arloing  are  not  com- 
posed of  bacilli  modified  specially  in  any  case  either  by  heat  or  anti- 
septics or  by  a  passage  through  the  organisms  of  cold-blooded  or 
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other  animals.  On  the  contrary,  his  vaccine  contains  living  bacilli 
of  bovine  origin  profoundly  modified  in  their  tubercle-producing 
power  by  a  long  series  of  cultures  in  the  depth  of  glycerinated 
bouillon.  The  modifications  which  they  have  taken  on  are  henceforth 
fixed  and  of  such  a  kind  that  these  bacilli  form  races  indefinitely 
transmissible.  These  races,  comparable  to  the  antianthrax  vaccines 
of  Pasteur,  can  no  longer  cause  tuberculosis  of  the  viscera  and  glands 
under  the  conditions  where  they  are  recommended  to  be  employed. 
Being  without  danger  to  the  monkey,  Arloing  considers  that  they 
are  also  without  danger  to  man.  By  their  characters  these  vaccines 
are  somewhat  similar  to  the  virulent  vaccines  of  Prof.  Klimmer,  of 
Dresden.  They  can  not  cause  any  fatal  infection  in  the  ox,  which 
is  contrary  to  the  bovo- vaccine  of  Von  Behring  and  the  tauruman  of 
Koch  and  Schiitz,  since  these  may  be  fatal  to  from  7  to  8  out  of  every 
1,000  subjects  vaccinated. 

Arloing  concludes  by  stating  that  the  phase  of  experimental  re- 
searches in  tuberculosis  vaccination  is  not  closed,  and  it  is  to  be  hoped 
that  by  perseverance  in  laboratory  studies  the  methods  will  be  per- 
fected, and  we  will  know  better  the  conditions  which  follow  and  those 
which  guarantee  success.  But  such  as  they  are  to-day,  it  would  be 
negligent  not  to  profit  by  the  results  acquired  to  try  and  restrain  the 
ravages  of  bovine  tuberculosis  by  associating  vaccination  with  ordi- 
nary prophylactic  measures,  as  one  does  for  other  contagious  maladies. 

As  a  result  of  these  various  papers  and  the  discussions  which  they 
elicitedj  the  following  resolutions  were  adopted  by  the  Ninth  Inter- 
national Congress  held  at  The  Hague  in  1909 : 

1.  At  the  present  time  there  is  no  vaccination  which  in  itself  is  sufficient  to 
combat  in  an  efficient  manner  bovine  tuberculosis  in  heavily  infected  herds. 

2.  In  how  far  it  is  possible  to  bring  about  a  more  successful  issue  of  the  diffi- 
cult struggle  against  bovine  tuberculosis  by  a  combination  of  vaccination  with 
prophylactic  and  hygienic  measures  must  be  demonstrated  by  new  practical 
experiments. 

3.  The  congress  urgently  requests  the  Governments  to  grant  the  means  for 
extensive  experiments  to  examine  the  methods  of  vaccination  against  bovine 
tuberculosis  under  the  different  conditions  of  agricultural  practice. 

THE  BUREAU  EXPERIMENTS. 

Probably  no  methods  for  the  immunization  of  cattle  against  tuber- 
culosis have  been  more  widely  discussed  or  have  given  better  results 
than  those  known  as  Pearson's  and  Von  Behring's.  The  two  are 
practically  alike,  and  consist  of  the  intravenous  injection  of  living 
cultures  of  human  tubercle  bacilli  of  a  virulence  too  low  to  cause  a 
progressive  tuberculosis  in  cattle.  The  tubercle  bacilli  are  grown  in 
artificial  cultures,  and,  in  a  very  finely  subdivided  condition,  sus- 
pended in  fluid  in  definitely  known  quantites,  are  injected  into  a  vein 
of  the  animal  to  be  protected.    The  methods  of  bovo- vaccination  of 
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Pearson  and  Von  Behring  were  both  tested,  with  what  results  will 
follow  later. 

In  addition  to  studying  these  methods,  attempts  were  made  to 
cause  immunity  by  subcutaneous  injections  of  tubercle  bacilli  of 
different  degrees  of  virulence  as  well  as  by  the  transfusion  of  blood 
from  artificially  immunized  to  susceptible  animals. 

Finally,  a  test  was  made  of  what  is  known  as  Heymanns's  capsule' 
method  of  protective  treatment,  for  the  efficiency  of  which  the  dis- 
coverer, after  applying  it  to  a  large  number  of  animals  in  his  own 
country,  makes  very  strong  claims. 

TEST  ACCORDING  TO   VON   BEHRINO's  METHOD. 

On  June  2, 1906,  the  first  nine  calves  and  on  June  12  the  tenth  calf 
in  the  following  list  were  given  each  an  intrajugular  injection  of  3 
cubic  centimeters  of  a  suspension  of  tubercle  bacilli  of  the  human 
type.  The  tubercle  bacilli  used  to  make  the  suspension  were  from 
what  was  known  as  "  Case  30,"  and  each  cubic  centimeter  of  the  sus- 
pension was  equal  to  0.0013  gram  of  tubercle  bacilli : 

Bull  calf  No.  427,  about  2  to  2i  months  old. 
Bull  calf  No.  429,  about  2  to  2i  months  old. 
Bull  calf  No.  431,  about  2  to  2i  months  old. 
Heifer  calf  No.  432,  about  2i  to  3  months  old. 
Heifer  calf  No.  435,  about  2  to  2i  months  old. 
Heifer  calf  No.  436,  about  2  to  2i  months  old. 
Bull  calf  No.  438,  about  2  to  2i  months  old. 
Bull  calf  No.  439,  about  2i  to  3  months  old. 
Bull  calf  No.  441,  about  2  to  2i  months  old. 
Bull  calf  No.  444,  about  3  to  3i  months  old. 

The  ages  of  the  calves  as  above  given  refer  to  the  date  on  which 
the  injections  were  made. 

With  the  exception  of  a  subsequent  brief  elevation  of  temperature 
and  the  development  of  a  small  tumor  in  the  skin  over  the  jugular 
at  the  point  of  injection  in  several  of  the  calves,  the  injections  were 
followed  by  no  marked  adverse  conditions. 

On  September  7,  1906,  each  of  the  10  calves  was  given  a  second 
intrajugular  injection  of  tubercle  bacilli  prepared  from  culture 
"  Case  30."  The  suspension  used  for  the  second  injection,  of  which 
the  dose  was  3  c.  c,  represented  0.02  gram  of  tubercle  bacilli  per  cubic 
centimeter. 

The  second  injection  was  followed  by  a  more  marked  elevation  of 
temperature  than  the  first,  which  may,  in  part  at  least,  be  attributed 
to  the  mechanically  irritant  action  of  the  injected  tubercle  bacilli  in 
the  fine  pulmonary  capillaries. 

Of  the  10  calves,  1  (No.  444)  was  killed  and  examined  post-mortem 
without  being  exposed  to  tuberculosis  to  determine  what  changes  had 
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been  caused  by  the  injections  of  tubercle  bacilli  it  had  received.  The 
remaining  9  were  exposed  to  a  tuberculous  environment,  as  follows : 

Nos.  427  and  432,  October  30,  1906. 
Nos.  429  and  435.  February  27,  1907. 
Nob.  431  and  436,  April  25,  1907. 
Nos.  438  and  441,  July  25,  1907. 
No.  439,  November  8,  1907. 

Control  animals  were  added  at  the  time  of  each  exposure,  but  as 
a  matter  of  convenience  the  controls  will  be  treated  separately,  as 
such  treatment  will  facilitate  a  better  comparison  between  the  sev- 
eral protective  methods  against  tuberculosis  that  were  tested. 

The  tuberculous  environment  to  which  the  animals  used  in  these 
experiments  were  exposed  was  a  large  cow  stable  with  an  adjacent 
cow  yard.  In  this  stable  and  yard  the  infection  was  provided  by  a 
number  of  cattle  affected  with  advanced  tuberculosis,  of  which  it 
was  definitely  known  that  they  were  freely  expelling  tubercle  ba- 
cilli.    In  the  yard  into  which  the  cattle  were  turned  daily  for  from 

2  to  8  hours,  depending  upon  the  state  of  the  weather,  all  the  cattle 
treated,  checks  and  diseased,  were  allowed  to  mingle  as  they  chose; 
in  the  stable  the  cattle  were  made  to  occupy  stalls  in  such  rotation 
that  the.  exposure  of  the  different  individuals  was  equalized  as  much 
as  possible. 

The  dates  on  which  the  10  calves  were  killed  and  a  short  memo- 
randum of  the  lesions  found  on  autopsy  follow : 

No.  444,  treated  but  not  exposed,  reacted  to  tuberculin  October  17,  1907  (13 
months  after  last  bovo- vaccination  injection).  Killed  November  7,  1907.  No 
lesions  found,  but  firm  pulmonary  adhesions  and  one  small  glistening  nodule, 

3  mm.  in  diameter,  in  the  lung.  No  tubercle  bacilli  on  microscopic  examination 
or  animal  inoculation  were  found  hi  the  minute  glistening  nodule,  which  may 
have  been  a  small  healed  tubercle  caused  by  bacilli  from  one  of  the  intravenous 
injections. 

No.  427,  killed  April  23,  1908,  after  having  been  exposed  to  a  tuberculous 
environment  for  about  18  months.    No  lesions  of  tuberculosis. 

No.  432,  killed  March  9,  1909,  after  having  been  exposed  to  a  tuberculous 
environment  over  2  years.    No  lesions  of  tuberculosis. 

No.  429,  killed  July  16,  1909,  after  having  been  exposed  to  a  tuberculous 
environment  over  2  years.    No  lesions  of  tuberculosis. 

No.  435,  killed  April  10,  1909,  after  having  been  exposed  to  a  tuberculous 
environment  over  2  years.  One  post-pharyngeal  gland  twice  the  normal  size  and 
almost  entirely  tuberculous.    No  other  lesions. 

No.  431,  killed  March  25,  1909,  after  having  been  in  a  tuberculous  environ- 
ment almost  2  years.  Mediastinal  glands  contained  a  number  of  minute  necrotic 
foci  which  failed  to  show  the  presence  of  tubercle  bacilli  on  microscopic  ex- 
amination and  guinea-pig  inoculation.  Lungs  contained  a  number  of  minute 
areas  which  had  the  appearance  of  healing  tubercles;  no  bacilli  found  in  these 
areas. 

No.  436,  killed  March  29,  1909,  after  having  been  in  a  tuberculous  environ- 
ment almost  2  years.    No  lesions  of  tuberculosis. 
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No.  438,  killed  April  10,  1909,  after  having  been  In  a  tuberculous  environ- 
ment over  2  years.    No  lesions  of  tuberculosis. 

No.  441,  killed  April  9,  1909,  after  having  been  in  a  tuberculous  environ- 
ment over  2  yeara  Autopsy  showed  minute  lesions  in  the  azygos  lobe  of  lung 
and  a  small  focus  3  mm.  In  diameter  In  the  right  prescapular  gland.  No  tubercle 
bacilli  found  In  the  lung  leslona  The  prescapular  lesions  showied  tubercle 
bacilli  on  microscopic  examination  and  guinea-pig  inoculation. 

No.  439,  killed  March  29,  1909,  after  having  been  exposed  about  16  months  to 
a  tuberculous  environment.  Tubercles  lu  the  posterior  mediastinal  glands, 
which  on  guinea-pig  Inoculation  caused  generalized  tuberculosis. 


On  June  2,  1906,  the  first  9  calves,  and  on  June  12,  the  tenth  calf 
in  the  following  list  were  given  each  an  intrajugular  injection  of 
3  c.  c  of  a  suspension  of  tubercle  bacilli  of  the  human  type.  The 
tubercle  culture  used  to  make  the  suspension  was  "  Case  32,''  and 
each  cubic  centimeter  of  the  suspension  was  equal  to  0.0013  gram  of 
tubercle  bacilli. 

Heifer  calf  No.  412,  about  4  months  old. 
Heifer  calf  No.  413,  about  3  months  old. 
Bull  calf  No.  425,  about  2i  to  3  months  old. 
Bull  calf  No.  426,  about  2i  to  3  months  old. 
Bull  calf  No.  428,  about  2i  to  3  months  old. 
Heifer  calf  No.  430,  about  2i  to  3  months  old. 
Bull  calf  No.  433,  about  2i  to  3  months  old. 
Bull  calf  No.  440,  about  2i  to  3  months  old. 
Heifer  calf  No.  442,  about  2*  to  3  months  old. 
Heifer  calf  No.  445,  about  3  months  old. 

The  ages  of  the  calves  as  given  above  refer  to  the  date  on  which 
the  injections  were  made. 

On  July  18,  1906,  the  10  calves  were  given  a  second  intrajugular 
injection  of  a  suspension  of  tubercle  bacilli  in  all  respects  relative 
to  dose  and  strength  similar  to  the  first  injection. 

On  September  11,  1906,  the  calves  received  a  third  intrajugular 
injection  of  a  suspension  of  tubercle  bacilli.  The  third  dose,  like  the 
other  two,  was  3  c.  c,  but  the  suspension  was  stronger,  Ice.  being 
equal  to  0.002  gram  of  tubercle  bacilli. 

With  the  exception  of  some  elevation  in  temperature,  most  marked 
after  the  third  injection,  the  calves  showed  no  pronounced  symptoms 
as  the  result  of  the  injections. 

Of  the  10  calves,  1  (No.  445)  was  killed  and  examined  post-mortem 
without  being  exposed  to  tuberculosis,  to  determine  what  lesions,  if 
any,  had  been  caused  by  the  three  injections  of  tubercle  bacilli.  The 
remaining  9  calves  were  exposed  to  a  tuberculous  environment,  as 
follows : 

Nos.  412  and  425,  October  30,  1906. 
Nos.  413  and  426,  February  21,  1907. 
Nos.  428  and  430,  April  25,  1907. 
J^o.  440,  November  8,  1907, 
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Control  animals  were  added  at  the  time  of  each  exposure.  The 
character  of  the  tuberculous  environment  has  already  been  described. 

The  dates  on  which  the  10  calves  were  killed  and  a  short  memo- 
randum of  the  lesions  found  on  autopsy  follow : 

No.  445,  treated  but  not  exposed,  reacted  to  tuberculin  October  17,  1907 
(about  13  months  after  last  bo vo- vaccination  injection),  kiUed  November  7, 
IQOi.    No  lesions  of  disease.  • 

No.  412,  killed  April  23,  1908,  after  having  been  exposed  to  a  tuberculous 
environment  about  18  montha    No  lesions  of  disease. 

No.  425,  died  December  18,  1906,  after  having  been  exposed  to  a  tuberculous 
^ivironment  about  6  weeks.  Cause  of  death,  inflammation  of  the  intestines. 
No  lesions  of  tuberculosis. 

No.  413,  killed  August  9,  1909,  after  having  been  exposed  to  a  tuberculous 
environment  over  2  years.    No  lesions  of  disease. 

No.  426,  killed  April  1,  1909,  after  having  been  in  a  tuberculous  environment 
over  2  years.    Lungs  were  found  to  contain  a  few  very  minute  tubercles. 

No.  428,  killed  March  29,  1909,  after  having  been  in  a  tuberculous  environ- 
ment nearly  2  years.    No  lesions  of  tuberculosis. 

No.  430,  killed  March  22,  1909,  after  having  been  in  a  tuberculous  environ- 
ment nearly  2  years.  The  pleura  and  mediastinal  glands  showed  minute 
lesions  closely  resembling  tuberculosis,  but  no  tubercle  bacilli  could  be  found 
in  these  lesions  by  microscopic  examination  or  guinea-pig  inoculation. 

No.  433,  killed  July  16,  1909,  after  having  been  exposed  to  a  tuberculous 
environment  about  2  years.    No  lesions  of  tuberculosis.    ' 

No.  442,  killed  July  16,  1909,  after  having  been  exposed  to  a  tuberculous 
environment  about  18  months.    No  lesions  of  tuberculosis. 

No.  440,  killed  April  10,  1909,  after  having  been  exposed  to  a  tuberculous 
^ivironment  nearly  18  montlis.    No  lesions  of  tuberculosis. 

VACCINATION  BY  SUBCUTANEOUS  INJECTIONS. 
INJECTIONS   INTO  THE  END  OF  THE  TAIL. 

As  the  earlier  investigations  of  the  Bureau  of  Animal  Industry  on 
the  subject  of  protective  inoculations  against  tuberculosis  (see  Bul- 
letin 52,  Part  III)  had  given  results  indicating  that  the  degree  of 
immunity  conferred  by  the  injection  of  living  tubercle  bacilli  into 
the  bodies  of  cattle  depended  rather  upon  the  virulence  of  the  in- 
injected  bacilli  than  upon  the  method  of  injection  or  the  number  of 
injections,  a  series  of  tests  was  made  relative  to  the  effects  from 
injecting  cattle  with  quite  virulent  tubercle  bacilli  into  a  portion  of 
the  body  (the  end  of  the  tail)  from  which  the  infection,  with  its 
strong  tendency  to  become  localized,  would  have  to  move  some  dis- 
tance before  it  could  reach  its  favorite  location  in  the  body.  The 
end  of  the  tail  also  offered  the  advantage  that  the  character  and 
process  of  the  inoculation  disease  could  be  watched  and  that  treat- 
ment, surgical  if  necessary,  could  be  applied. 

On  June  20,  1906,  the  following  4  calves  received  each  a  subcu- 
taneous injection,  immediately  above  the  brush  at  the  end  of  the 
tail,  of  3  c.  c.  of  a  suspension  of  bovine  tubercle  bacilli.    The  tubercle 
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culture  used  was  "  Bovine  III,"  and  each  3  c.  c.  of  the  suspension  was 
equal  to  0.01  gram  of  tubercle  bacilli. 

Heifer  calf  No.  447,  about  3  montlis  old. 
Heifer  calf  No.  448,  about  3  months  old. 
Bull  calf  No.  450,  about  3  months  old. 
Bull  calf  No.  451,  about  21  months  old. 

The  tuberculous  disease  caused  in  the  tails  of  the  animals  varied 
considerably.  In  one  case,  No.  447,  it  was  necessary  to  amputate 
the  tail.  The  four  animals  were  exposed  to  a  tuberculous  environ- 
ment beginning  some  time  after  the  protective  injections  had  been 
made.  Later  on,  when  they  were  killed  and  examined  post-mortem, 
all  with  the  exception  of  No.  450  were  found  to  have  tuberculous 
lesions  directly  traceable  to  the  tubercle  bacilli  injected  into  the  ends 
of  their  tails,  proving  definitely  that  the  strain  of  tubercle  bacillus 
used  was  too  virulent  for  the  injection  of  calves  in  any  manner. 

Calf  No.  450,  after  remaining  in  a  tuberculous  environment  for 
several  years,  was  found  on  autopsy  to  be  in  excellent  condition  and 
entirely  free  from  lesions  of  tuberculosis. 

On  June  20,  1906,  the  following  5  calves  received  each  a  subcu- 
taneous injection,  immediately  above  the  brush  at  the  end  of  the  tail, 
of  3  c.  c.  of  a  suspension  of  a  virulent  human  tubercle  bacilli.  The 
tubercle  culture  used  was  •'  Boy  V,"  and  each  cubic  centimeter  of  the 
suspension  represented  0.01  gram  of  tubercle  bacilli. 

Heifer  calf  No.  449,  about  3i  months  old. 
Bull  calf  No.  452,  about  21  months  old. 
Bull  calf  No.  453,  about  21  months  old. 
Bull  calf  No.  454,  about  3  months  old. 
Heifer  calf  No.  455,  about  3  months  old. 

With  the  exception  of  a  slight  swelling  at  the  seat  of  injection, 
which  gradually  subsided,  the  treatment  received  by  the  calves  caused 
no  visible  lesions. 

Some  time  after  the  protective  injections  were  made  the  calves 
were  exposed  to  a  tuberculous  environment,  and  later  on  they  were 
killed  and  examined  post-mortem. 

Calves  449  and  453  showed  no  lesions  of  tuberculosis  as  a  result  of 
either  the  protective  injections  or  the  exposure. 

Calves  452  and  454  each  showed  a  small  tuberculous  abscess  at  the 
seat  of  inoculation  in  the  tail  and  small  tuberculous  foci  in  the 
coccygeal  lymph  glands  (the  lymph  glands  located  near  the  root  of 
the  tail),  and  no  lesions  as  a  result  of  the  exposure  to  tuberculosis 
after  the  protective  injections  had  been  made. 

Calf  455  was  found  on  autopsy  to  have  tuberculous  lesions  in  the 
coccygeal  and  pharyngeal  glands,  or,  in  other  words,  to  have  con- 
tracted tuberculosis  both  from  the  protective  injection  and  the  subse- 
quent exposure. 
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All  the  tuberculous  lesions  found  were  small,  but  calves  452,  454, 
and  455  show  conclusively  that  the  strain  of  tubercle  bacillus  injected 
was  too  virulent  to  be  used  for  immunizing  purposes.  Calves  449, 
452, 453,  and  454  indicate  that  even  a  subcutaneous  injection  of  tuber- 
cle bacilli  can  protect  against  subsequent  exposure  to  a  tuberculous 
environment,  and  No.  455  shows  that  a  tuberculous  process  induced 
by  inoculation  does  not  necessarily,  in  all  instances,  protect  against 
fresh  infection  from  without,  and  this  is  one  of  the  most  important 
facts  with  which  we  have  to  deal  in  the  question  of  bovo-vaccination. 

On  November  14,  1906,  the  following  cattle  received  each  a  sub- 
cutaneous injection,  immediately  above  the  brush  at  the  end  of  the 
tail,  of  3  c.  c.  of  a  suspension  of  bovine  tubercle  bacilli.  The  tubercle 
culture  used  was  "  Bovine  III/'  and  each  cubic  centimeter  of  suspen- 
sion was  equal  to  0.01  gram  of  tubercle  bacilli. 

Heifer  No.  406,  about  18  months  old. 
Heifer  No.  386,  about  16  months  old. 
Cow  No.  336,  about  3  years  old. 
Cow  No.  215,  about  6  years  old. 

One  of  the  above  animals  (cow  No.  336)  died  about  four  months 
after  injection  without  additional  exposure  to  tuberculosis.  The 
cause  of  death  was  inflammation  of  the  intestines,  but  she  showed  a 
well-marked  tuberculous  lesion  in  her  tail  at  the  seat  of  injection  and 
tuberculous  lesions  in  four  mediastinal  glands.  All  other  parts  of 
her  body  were  free  from  tuberculosis. 

Heifers  400  and  386  and  cow  215  were  killed  after  having  been 
exposed  to  a  tuberculous  environment  for  quite  a  long  time,  and 
showed  tuberculous  lesions  which  might  have  been  caused  in  part 
by  the  exposure,  and  which  were  certainly  caused  in  part  by  the  in- 
jection of  tubercle  bacilli. 

INJECTION    UNDER  THE   SKIN    OF   THE   NECK. 

On  Jime  21,  1906,  the  following  5  calves  were  each  injected  with 
3  c.  c.  of  a  suspension  of  virulent  human  tubercle  bacilli.  The  dose 
in  each  case  was  divided  into  two  parts,  and  one  part  was  introduced 
under  the  skin  on  the  right  side  of  the  neck  and  the  other  part  under 
the  skin  on  the  left  side  of  the  neck.  Each  3  c.  c.  of  the  suspension 
injected  represented  0.01  gram  of  tubercle  bacilli. 

Bull  calf  No.  456,  about  21  months  old. 
Bull  calf  No.  457,  about  3  months  old. 
Bull  calf  No.  458,  about  2i  months  old. 
Heifer  calf  No.  459,  about  2^  months  old. 
Heifer  calf  No.  462,  about  2i  months  old. 

Calves  458  and  462  died  in  about  two  months  as  a  result  of  tuber- 
culosis caused  by  the  injection  of  tubercle  bacilli.     The  remaining 
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three  animals  were  exposed  to  a  tuberculous  environment  for  some 
time  and  were  subsequently  killed  and  examined  post-mortem.  All 
showed  extensive  lesions  of  tuberculosis,  no  doubt  almost  entirely 
due  to  the  injection  of  tubercle  bacilli,  showing  that  either  this 
method  of  treatment  was  too  severe  or  that  the  culture  of  tubercle 
bacilli  used  was  too  virulent. 

In  addition  to  the  foregoing  subcutaneous  injection,  10  calves, 
Nos.  446,  460,  463,  464,  465,  466,  469,  470,  473,  and  474,  were  each 
given  two  successive  injections  of  virulent  tubercle  bacilli,  with  an 
interval  between  the  two  injections.  These  calves  all  contracted 
tuberculosis  from  the  treatment  received,  and  simply  emphasized  that 
subcutaneous  injections,  no  matter  what  part  of  the  body  is  used  as 
the  seat  of  injection,  are  dangerous  when  the  bacilli  injected  have  a 
true  virulence  for  cattle.  In  a  later  and  fuller  report  on  this  work  it 
is  expected  that  the  lesions  caused  by  the  various  injections  may  be 
given  and  discussed  in  detail. 

Among  the  subcutaneous  injections  only  those  made  into  the  ends 
of  the  tails  of  calves  449,  452,  453,  454,  and  455  with  virulent  human 
cultures  hold  out  any  encouragement  that  a  subcutaneous  method  of 
protective  inoculations  against  tuberculosis  can  be  developed.  The 
results  with  these  animals,  however,  are  quite  encouraging  and  indi- 
cate the  advisability  of  making  tests  of  successive  injections  into  the 
tails  of  cattle,  beginning  with  fairly  virulent  cultures. 

CHECKS  OR  control  ANIMALS. 

The  following  11  untreated  cattle,  which  were  similar  in  age,  size, 
and  condition  to  those  given  intravenous  protective  treatment  accord- 
ing to  the  methods  of  Pearson  and  Von  Behring,  were  exposed  for 
the  same  length  of  time  to  the  same  tuberculous  environment  to 
which  the  treated  or  protected  animals  were  exposed.  For  the  sake 
of  brevity  only  a  sufficient  account  of  these  animals  will  be  given 
now  to  show  that  the  environment  contained  the  necessary  amount 
of  virulent,  infectious  material  to  cause  tuberculosis  of  most  cattle 
exposed  in  it. 

Heifer  No.  471  contracted  tuberculosis  of  the  mediastinal  and 
mesenteric  glands. 

Heifer  No.  472  contracted  tuberculosis  of  one  post- pharyngeal 
gland. 

Heifer  No.  475  contracted  tuberculosis  of  the  mediastinal  glands. 

Heifer  No.  526  contracted  tuberculosis  of  the  mediastinal  glands. 

Steer  No.  530  contracted  tuberculosis  of  the  lung  and  mediastinal 
glands. 
j      Steer  No.  531  remained  healthy. 

Heifer  No.  539  contracted  tuberculosis  of  one  post-pharyngeal 
gland. 
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Heifer  No.  540  contracted  generalized  tuberculosis. 

Heifer  No.  570  contracted  tuberculosis  of  the  mediastinal  glands. 

Bull  No.  573  contracted  tuberculosis  of  the  lung  and  mediastinal 
glands. 

Cow  No.  579  remained  healthy. 

Of  course  it  is  to  be  understood  that  these  cattle  were  carefully 
tested  with  tuberculin  and  found  to  be  free  from  tuberculosis  before 
they  were  exposed  as  control  animals  in  the  experiment.  It  is 
desired  to  avoid  all  detail  not  to  some  ext^it  essential  for  a  general 
statement  in  the  present  report. 

In  addition  to  the  check  or  control  cattle  specially  related  to  the 
tests  of  the  Pearson  and  Von  Behring  methods  of  bovo-vaccination, 
three  other  check  animals  were  also  introduced  into  the  same  tuber- 
culous environment,  which  was  in  all  instances  used  as  the  means  to 
test  the  amount  of  immunity  acquired  by  the  treated  animals  in  these 
series  of  experiments.  The  three  additional  animals  were  Nos.  477, 
484,  and  549,  and  all  three  contracted  tuberculosis  as  the  reuslt  of 
the  exposure. 

There  was  thus  a  total  of  14  checks  or  controls,  of  which  12  became 
infected  with  tuberculosis,  thus  showing  that  the  character  of  the 
exposure  to  which  the  treated  cattle  were  subjected  was  quite  severe. 
The  time  at  which  the  various  control  animals  were  introduced  into 
the  tuberculous  environment  and  the  length  of  time  they  were  per- 
mitted to  remain  in  it  were  carefully  planned  in  connection  with 
the  exposure  of  the  treated  animals,  so  that  any  failure  among  the 
latter  to  become  infected  could  be  properly  valued  through  a  com- 
parison of  the  treated  with  the  control  animals. 

One  statement  which  has  an  important  bearing  on  the  intravenous 
methods  of  producing  resistance  against  tuberculosis  must  be  added 
here.  All  our  cattle  treated  with  intravenous  injections  of  tubercle 
bacilli  showed,  on  careful  post-mortem  examination,  some  pulmonary 
lesions,  such  as  thickening  of  the  pulmonary  connective  tissue,  adhe- 
sions between  the  lobes  of  the  lungs  and  of  the  lungs  to  the  chest  wall 
and  diaphragm,  to  be  sure  only  very  slight  in  most  instances,  but 
which  could  be  accounted  for  in  no  other  way  than  as  remnants  of 
the  disturbance  caused  by  the  injected  bacilli.  This  alone  consti- 
tutes a  condition  which  should  receive  further  attention  before  a 
system  of  bovo-vaccination  requiring  the  intravenous  injection  of 
living  cultures  of  tubercle  bacilli  is  practiced  on  a  wholesale  scale, 
and,  in  conjunction  with  what  we  know  about  the  retention  of  tuber- 
cle bacilli  in  the  tissues  after  injection  and  the  uncertainty  about  the 
manner  and  state  in  which  they  leave  the  body,  should  teach  us  to 
proceed  cautiously  in  the  adoption  of  protective  methods,  notwith- 
standing the  fact  that  the  results  obtained  prove  conclusively  that 
actual,  strong  resistance  to  tuberculosis  can  be  established  by  using 
them. 
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CX)MPARI80N  OF  THE  FOREGOING  METHODS. 

From  the  brief  accounts  that  have  been  given  we  see  that  3  of  the 
9  cattle  treated  according  to  the  method  of  Von  Behring  and  after- 
wards exposed  contracted  tuberculosis,  that  1  of  the  9  cattle  treated 
by  the  method  of  Pearson  and  afterwards  exposed  contracted  tuber- 
culosis, and  that  of  14  checks  or  untreated  control  animals  12  became 
infec*ted  on  exposure. 

Of  the  8  animals  that  received  injections  of  bovine  tubercle  culture 
subcutaneously  into  the  ends  of  their  tails  (4  old  and  4  young  ani- 
mals), all  but  1  young  animal  contracted  disease  as  the  result  of  the 
injections.  The  one  that  escaped  disease  from  the  injection  also 
resisted  tuberculosis  on  exposure. 

Of  the  5  cattle  that  received  human  culture  injections  into  the  ends 
of  their  tails,  2  became  immune  without  inoculation  disease,  2  were 
immune  but  had  slight  inoculation  disease,  and  1  had  both  inocula- 
tion and  exposure  disease. 

The  injection  of  tubercle  cultures  under  the  skin  of  the  neck  of 
animals  caused  them  all  to  contract  tuberculosis. 

The  several  methods  may  be  compared  as  follows: 

Von  Behrlns  cattle,  66|  i)er  cent  successfully  protected  for  a  i>erlod  approxi- 
mating? 2  years. 

Pearson  cattle,  SSi^  per  cent  successfully  protected  for  a  i)eriod  approximat- 
ing 2  years. 

Bovine  cultures,  tail,  protected  12^  per  cent. 

Human  cultures,  tail,  protected  40  per  cent.* 

Injections  under  skin  protected  0  per  cent. 

The  above  percentages  can  best  be  valued  by  comparing  them  with 
the  check  or  control  animals,  among  14  of  which  only  2,  or  14f  per 
cent,  escaped. 

If  the  only  question  to  be  considered  in  connection  with  bovo- 
vaccination  was  tlie  protection  of  cattle  against  tuberculosis,  the 
foregoing  results  would  give  us  excellent  reasons  to  be  very  cheerful. 
Lately,  however,  studies  made  by  various  investigators  on  the  elimi- 
nation of  tubercle  bacilli,  after  injection,  from  the  bodies  of  animals 
teach  us  to  be  very  careful  about  adopting  methods  of  immunization 
for  purely  economic  purposes  that  may  be  dangerous  for  those  who 
afterwards  use  the  products  of  the  treated  animals. 

The  work  of  the  Bureau  of  Animal  Industry  in  the  past  has  also 
demonstrated  that  tubercle  bacilli  injected  into  the  circulation  or 
under  the  skin  of  cattle  may  remain  incorporated  in  their  tissues  for 
long  periods  of  time,  with  only  a  gradual  or  very  slow  loss  of  viru- 
lence. These  are  important  factors  that  must  not  discourage  further 
work  to  build  on  the  knowledge  we  have  gained,  but  which  must  be 

^  It  should  be  borne  in  mind  that  the  human  cultures  injected  In  the  tail  actually  pro- 
tected 80  per  cent  of  the  cattle  treated  against  the  infection  in  the  environment  to  which 
thf  y  were  exposed. 
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kept  in  mind  and  be  permitted  to  have  their  due  influence  on  our 
subsequent  investigations. 

Very  careful  autopsies  of  cattle  treated  by  intravenous  inocula- 
tions of  tubercle  bacilli  according  to  the  methods  of  Von  Behring 
and  Pearson  show  that  the  more  or  less  attenuated  tubercle  bacilli 
that  engender  immunity  against  tuberculosis  rarely  leave  the  treated 
subjects  wholly  free  from  lesions  that  can  be  accounted  for  in  any 
other  way  than  as  due  to  the  pathogenic  activity  within  the  animal's 
body  of  the  injected  bacilli. 

TEST  OF  THE  HEYMANNS  METHOD  OF  BOVO- VACCINATION. 

A  protective  treatment  for  cattle  against  tuberculosis,  named  the 
Heymanns  method  after  its  inventor,  has  received  considerable  at- 
tention during  the  last  few  years.  The  technique  of  this  method  was 
demonstrated  in  America  by  Prof.  Heymanns  himself  during  the 
meeting  of  the  International  Congress  on  Tubercuolsis  at  Wash- 
ington in  1908,  and  the  efficiency  of  the  method  has  been  carefully 
tested  by  the  Bureau  of  Animal  Industry  with  cattle  and  hogs. 

Heymanns's  method,  briefly,  is  the  introduction  of  virulent  bovine 
tubercle  bacilli,  enveloped  in  a  closed  sack  of  vegetable  fiber,  which 
in  turn  is  inclosed  in  a  gelatin  capsule,  under  the  skin  of  the  animal 
to  be  protected.  The  supposition  is  that  the  vegetable  sack  will  con- 
fine the  tubercle  bacilli  at  the  seat  of  inoculation  and  that  the  treated 
animal  will  be  immunized  by"  protective  fluids  that  form  within  the 
closed  vegetable  sack  and  pass  outward  from  it,  into  the  animal's 
system  generally,  by  an  osmotic  process.  The  closed  sack  of  vegetable 
material  in  combination  with  the  gelatin  capsule  is  commonly  known 
as  the  Heymanns  capsule. 

In  the  fall  of  1908,  12  cattle  and  10  hogs  were  inoculated  with 
Heymanns's  capsules.  The  animals  were  divided  into  three  groups, 
and  one  group  of  hogs  and  cattle  was  exposed  immediately  after 
treatment  to  a  tuberculous  environment,  a  second  about  2  months 
later,  and  a  third  about  2  months  after  the  second.  With  each  group 
of  hogs  a  similar  number  of  untreated  hogs  were  exposed  as  checks. 
As  the  cattle  and  hogs  were  exposed  in  the  same  tuberculous  environ- 
ment in  which  the  degree  of  immunity  acquired  by  all  the  other  bovo- 
vaccinated  animals  discussed  in  this  paper  was  tested,  no  checks  were 
really  necessary  for  the  Heymanns  treated  cattle.  The  checks  on  the 
other  experiments  were  serviceable  for  this  one  also,  but,  neverthe- 
less, 4  additional  cattle  as  special  checks  on  the  value  of  the  Hey- 
manns method  were  added  to  the  already  large  number  used  to  prove 
the  character  of  the  tuberculous  environment  to  which  exposure 
was  made. 

Among  the  Heymanns  treated  hogs  1  contracted  generalized  tuber- 
culosis from  the  treatment  and  1  died  prematurely  as  the  result  of 
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an  injury.  When  the  remaining  8  hogs  with  their  10  checks  were 
killed,  after  an  exposure  to  natural  infection  varying  from  8  months 
to  a  year,  all  the  principals  and  checks  were  found  to  be  affected 
with  tuberculosis,  not  one  of  either  lot  having  escaped  the  disease; 
and  the  lesions  in  the  treated  animals  were  in  no  respect  different 
from  those  found  in  the  checks.  Hence  it  is  very  dear  that  Hey- 
manns's  method  is  absolutely  worthless  for  hogs. 

Among  the  12  cattle  treated  1  died  prematurely,  and  the  remaining 
11,  when  they  were  killed  and  examined  post-mortem,  all  showed 
lesions  of  tuberculosis,  and  the  lesions  were  very  similar  to  the  tuber- 
culous lesions  found  in  the  4  cattle  that  served  as  special  checks  on 
the  Heymanns  capsule  cattle.  One  of  the  treated  animals  showed 
tuberculosis  directly  traceable  to  the  capsule  with  which  it  was  inocu- 
lated for  protection.  Hence,  as  with  the  hogs,  the  only  conclusion 
that  can  be  drawn  with  the  cattle  is  that  Heymanns's  capsule  method 
of  bovo- vaccination  is  inefficient. 

In  order  to  test  the  claims  made  by  Prof.  Heymanns,  that  the  vege- 
table sack  in  which  he  incloses  the  tubercle  bacilli  used  in  his  method 
of  bovo-vaccination  would  not  permit  the  passage  of  bacteria,  a  num- 
ber of  sheep  were  inoculated  with  anthrax  bacilli  inclosed  in  Hey- 
manns's capsules.  The  sheep  rapidly  contracted  and  succumbed  to 
anthrax,  and  the  anthrax  bacilli  (which  are  larger,  of  course,  than 
tubercle  bacilli)  were  proven  to  have  escaped  through  the  walls  of 
the  capsules  and  to  have  gotten  into  the  blood  .circulation.  Blood  ex- 
amined from  the  tips  of  the  ears  of  the  sheep  showed  numerous 
anthrax  bacilli.  We  may  conclude  from  this  that  the  fact  that 
tubercle  bacilli  introduced  under  the  skin  in  Heymanns's  capsules  are 
frequently  restrained  at  the  point  of  inoculation  depends  upon  other 
conditions  than  the  inability  of  the  germs  to  pass  throu^  the  walls 
of  the  vegetable  sack  in  which  they  are  enveloped. 

BLOOD   TRANSFUSIONS. 

It  may  be  of  interest  to  add  a  short  note  that  blood  transfusions 
from  highly  immunized  cattle  into  tuberculous  cattle  for  curative 
purposes  and  into  healthy  cattle  in  order  to  make  than  resistant  to 
tuberculosis  have  been  tested  on  a  small  scale.  The  idea  that  such 
transfusions  may  give  good  results  originated  with  Dr.  George  W. 
Crile,  of  Cleveland,  Ohio,  who  personally  made  the  various  trans- 
fusions required  in  the  experiment. 

The  blood  for  the  transfusicms  was  supplied  by  cattle  that  had  been 
immunized  by  the  methods  of  Pearson  and  Von  Behring  and  that 
had  resisted  infection  after  a  long-continued  exposure  to  the  tuber- 
culous environment  previously  described,  in  which  about  86  per  cent 
of  all  exposed,  untreated,  or  check  cattle  contracted  tuberculosis. 
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As  far  as  the  very  small  number  of  cattle  used  justifies  drawing 
conclusions,  the  blood-transfusion  experiments  gave  wholly  negative 
results  and  hold  out  no  encouragement  as  being  a  means  by  which 
tuberculosis  can  be  treated  or  the  resistance  to  infection  strengthened. 
The  treated  animals  may  have  been  too  far  advanced  in  the  disease 
to  derive  benefit  from  any  form  of  treatment,  but  the  animals  which 
received  blood  to  immunize  them  apparently  were  as  susceptible  to 
infection  as  those  that  had  received  no  treatment. 

GENERAL  CONCLUSIONS. 

The  only  conclusion  to  which  we  are  entitled  from  this  work  and 
from  careful  study  of  the  writings  of  others  on  the  subject  of  pro- 
tective inoculation  against  tuberculosis  may  be  stated  as  follows: 
Though  results  have  been  obtained  which  are  very  encouraging  to 
the  investigator  and  which  prompt  him  to  strive  onward  with  re- 
newed vigor  and  hope,  no  system  of  bovo- vaccination  has  reached  a 
stage  at  the  present  time  that  justifies  its  use  in  common  practice. 
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VARIOUS  METHODS  FOR  THE  DIAGNOSIS  OF  GLANDERS. 

By  John  U.  Mohler,  Y.  M.  D.,  Chief  of  the  Pathological  Division, 

AND 

Adolph  Eichhoen,  D.  V.  S.,  Bacterioloffist,  Pathological  Division. 

Since  the  discovery  of  the  glanders  bacillus  in  1883  by  Loeffler 
and  Schiitz  the  diagnosis  of  glanders  has  been  the  subject  of  numer- 
ous investigations,  and  as  a  result  great  progress  has  been  made  in 
its  determination.  The  greatest  difficulty  in  the  recognition  of  this 
disease  lies  in  the  fact  that  many  glandered  horses  do  not  show  posi- 
tive symptoms  until  the  later  stages  of  the  disease.  Horses  affected 
with  occult  or  latent  glanders  and  which  are  apparently  not  even 
suspicious  cases  must  be  considered  as  the  principal  distributing 
agents  of  the  infection.  The  early  diagnosis  of  glanders  is  there- 
fore one  of  its  most  important  aspects  to  the  practicing  veterinarian. 
With  a  positive  diagnosis  definitely  established  in  a  stable  of  horses, 
subsequent  action  is  clear  as  to  the  measures  which  should  be  taken 
to  protect  the  owner  from  further  loss  and  personal  danger. 

Our  knowledge,  methods,  and  resources  in  coming  to  the  conclu- 
sion that  a  given  horse  is  or  is  not  affected  with  glanders  has  grad- 
ually broadened  until  to-day  there  are  a  number  of  distinct  methods 
by  which  the  diagnosis  of  glanders  may  be  made,  namely — 

1.  Physical  examination. 

2.  Post-mortem  examination. 

3.  Auto-inoculation. 

4.  Extirpation  of  the  submaxillary  gland. 

5.  Guinea-pig  inoculations. 

6.  Mallein  reaction  (subcutaneous,  ophthalmo,  and  cutaneous 
tests). 

7.  Serum  agglutination  reaction. 

8.  Precipitation  reaction. 

9.  Complement-fixation  test. 

10.  Combined  complement-fixation  and  agglutination  test. 

PHYSICAL  EXAMINATION. 

In  typical  or  advanced  cases  glanders  can  be  definitely  diagnosed 
by  physical  examination  alone.  And  we  are  liable  not  to  rely  suffi- 
ciently on  our  powers  of  observation  and  differentiation  in  the  diag- 
nosis of  this  disease  at  the  present  day  when  biological  tests  are  so 
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easily  made  and  laboratories  are  so  much  in  evidence.  The  great 
drawback  to  physical  examination  alone  is  that  a  large  percentage 
of  the  cases  are  not  typical,  and  the  so-called  occult  or  latent  cases 
do  not  show  any  physical  signs.  It  is  nevertheless  absolutely  essen- 
tial to  pick  out  these  cases  if  the  disease  is  to  be  suppressed.  It  is 
only  too  true  that  the  present  prevalence  of  glanders  throughout  the 
United  States  is  mainly  due  to  the  fact  that  sufficient  effort  has  not 
been  put  forth  to  get  the  occult  or  "  contact "  animal.  We  are  too 
likely  to  content  ourselves  with  the  destruction  of  the  more  or  less 
marked  cases  and  leave  the  remaining  animals  free  from  quarantine, 
only  to  see  them  break  down  with  the  disease  at  some  later  date,  and 
in  the  intervening  period  to  spread  the  infection  to  a  greater  or  less 
degree. 

The  physical  manifestations  of  glanders  are  so  well  known  that 
it  is  only  necessary  to  lay  stress  on  the  most  important  symptoms  to 
be  noted.  According  to  the  chief  points  of  localization  of  the  glan- 
ders bacilli,  we  term  the  disease  glanders  or  farcy.  The  name  glan- 
ders is  applied  when  the  disease  chiefly  affects  the  nostrils  and 
internal  organs,  while  the  term  farcy  is  used  when  the  skin  is  the 
seat  of  the  disease.  It  must  be  understood,  however,  that  glanders 
and  farcy  are  the  same  disease,  due  to  the  same  micro-organism,  and 
vary  only  in  the  point  of  manifestations  of  the  lesions.  Farcy  ap- 
pears as  swellings  of  the  skin,  which  vary  in  size  from  a  quarter  to 
a  silver  dollar  in  circumference.  They  are  round,  hot,  and  sensitive 
to  pressure.  Soon  the  center  breaks  down  and  the  skin  sloughs  off, 
leaving  a  depressed  ulcer  on  the  surface  which  discharges  a  yellowish 
serous  oily  fluid  very  characteristic  to  the  experienced  eye.  The 
lymphatics  leading  from  these  ulcers  soon  become  inflamed  and  stand 
out  under  the  skin  as  tense  cords,  and  new  farcy  "buds"  are  liable 
to  break  out  at  any  point  along  their  course.  (See  PI.  XXVI,  fig.  1.) 
In  glanders  the  lesions  are  frequently  confined  to  the  respiratory 
tract  and  are  observable  during  life  on  the  nasal  septum.  (See  PL 
XXVI,  fig.  2.)  The  lesions  here  appear  first  as  small,  raised  nodules 
about  the  size  of  a  pea.  These  soon  break  down  in  the  center,  leav- 
ing irregular,  lead-colored  ulcers,  which  discharge  the  same  oily 
tenacious  fluid  as  is  seen  coming  from  the  farcy  buds.  As  a  result 
a  mucopurulent  nasal  discharge  is  observed,  which  may  be  tinged 
with  blood.  In  case  the  ulcers  heal  they  leave  irregular  scars,  which 
are  known  as  the  star-shaped  scars  of  glanders  and  are  quite  charac- 
teristic. The  lymphatic  glands  under  the  jaw  become  enlarged,  indu- 
rated, and  firmly  attached  to  the  bone.  The  above-described  nodules 
and  ulcers  may  occur  on  the  windpipe  or  in  any  part  of  the  bronchial 
tubes.  The  general  condition  of  the  animal  becomes  poor  and  the 
coat  staring;  otherwise  no  visible  alterations  are  present,  and  the 
animal  may  live  in  this  condition  for  years. 
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Plate  XXVI. 


Fig.  1  .—Farcy  Affecting  Skin  of  Shoulder. 
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Fig.  2.— Lesions  of  Glanders  in  Nasal  Septum. 
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In  the  acute  form  of  the  disease  the  symptoms  are  the  same  as 
those  described  in  the  chronic,  except  that  the  various  stages  are 
more  intense  and  follow  each  other  rapidly.  There  may  be  swelling 
of  an  entire  leg,  with  numerous  farcy  buds  breaking  out,  and  the 
nasal  septum  may  be  covered  with  the  small  nodules  and  ulcers. 
The  temperature  is  usually  elevated  to  from  102®  to  104:*^  F.,  the 
breathing  is  rapid,  and  the  patient  somewhat  resembles  an  animal 
suffering  with  pneumonia.  The  acute  form  leads  to  death,  and  in  the 
chronic  cases,  which  are  not  destroyed,  death  usually  occurs  as  a 
result  of  the  chronic  form  being  accelerated  into  the  acute  through 
hard  work  or  some  other  condition  which  reduces  the  vitality  of  the 
patient 

POST-MORTEM  EXAMINATION. 

This  method  of  diagnosis  is  of  value  where  a  number  of  animals 
are  showing  more  or  less  atypical  evidences  of  glanders  and  other 
methods  of  diagnosis  are  not  available.  The  animal  appearing  to 
be  in  the  most  advanced  stage  should  be  killed  and  a  post-mortem 
made.  The  submaxillary  lymph  glands  should  be  removed  and  ex- 
amined. In  cases  of  nasal  glanders  these  are  always  involved  and  are 
swollen,  and  in  old  cases  they  are  bound  down  to  the  inferior  maxilla 
by  connective  tissue.  On  cross  section  the  parenchyma  will  be  found 
to  contain  one  or  several  caseous  or  purulent  centers  from  a  pin- 
head  to  a  pea  in  size.  The  nasal  septmn  should  be  examined 
throughout  its  entire  length,  as  ulceration  may  be  present  posteriorly, 
even  though  an  examination  of  the  anterior  portion  made  during  life 
shows  an  apparently  normal  septmn.  In  the  early  stages  of  the  dis- 
ease on  the  nasal  septum  gray  or  yellowish  nodules  of  the  size  of 
millet  seed  are  present,  which  are  surrounded  by  reddened  mucous 
membrane.  After  the  breaking  down  of  the  nodules  ulcers  develop, 
which,  as  a  result  of  the  progressing  degeneration,  become  irregular 
in  shape.  (See  PL  XXVI,  fig.  2.)  Their  base  is  frequently  covered 
with  pus  and  detritus  or  with  a  brownish  scab.  Small  ulcers  may 
coalesce,  and  in  this  manner  large  areas  of  ulceration  result.  The 
healed  ulcers  disclose  an  almost  characteristic  cicatrix  in  the  form  of 
a  radiating  scar,  these  scars,  as  before  stated,  being  known  as  the 
star-shaped  scars  of  glanders. 

The  lungs  are  affected  in  a  large  percentage  of  cases  of  the  dis- 
ease, and  the  infection  here  may  be  primary  or  secondary.  McFad- 
yean  states  that  no  cases  of  glanders  have  been  recorded  in  which  the 
lungs  were  not  affected  to  a  greater  or  less  extent.  The  lungs  usu- 
ally manifest  either  tubercle-like  nodules  or  lobular  pneumonic  areas 
as  the  initial  lesions.  The  glanders  nodule  is  the  most  characteristic 
finding  in  the  lung.  These  vary  in  size  and  appearance  in  the  same 
animal.    They  are  usually  of  sizes  from  a  pinhead  to  that  of  a  pea, 
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shot-like  on  palpation,  and  do  not  "  shell  out "  readily  from  the  sur- 
rounding tissue.  In  later  stages  of  their  development  they  are  found 
in  the  center  of  small  hemorrhagic-pneumonic  islands.  The  older 
nodules  are  surrounded  by  firm  fibrous  capsules.  On  cross  section 
the  center  is  yellowish,  caseous,  or  dry  and  crumbling.  Calcareous 
deposits  in  old  arrested  glanders  nodules  may  occur.  These  nodules 
are  usually  not  in  great  abundance,  and  in  advanced  cases  may  not 
number  more  than  40  or  50  in  both  lungs.  Larger  numbers  are  quite 
rare. 

A  catarrhal  pneumonic  form  of  glanders  of  the  lungs  is  manifested 
in  atelectatic  areas  which  have  a  brownish-red  color.  In  a  later  stage, 
however,  they  break  down  as  a  result  of  a  central  softening,  forming 
a  yellowish  caseo-purulent  mass,  and  become  surrounded  by  a  red 
hepatized  zone,  which  is  very  frequently  infiltrated  with  a  yellowish 
gelatinous  exudate.  In  cases  where  the  lungs  show  an  extensive 
involvement  an  acute  bronchitis  is  usually  present  in  association  with 
it.  The  mucous  membranes  of  the  bronchi  in  such  cases  show  nodules 
or  ulcerations  besides  the  usual  cl^aracteristics  of  this  affection. 

Other  organs  in  which  changes  occur  are  the  spleen  and  the  liver. 
These  quite  frequently  manifest  small  translucent  nodules  which  con- 
tain either  a  yellowish  pus  or  a  dry  mortar-like  mass.  •  The  nodules 
in  these  organs  are  usually  surrounded  by  a  white  dense  connective- 
tissue  capsule.  Nodules  of  glanders  have  also  been  observed  occa- 
sionally in  the  kidneys,  brain,  body  musculature,  and  in  the  heart 
muscle.  Of  the  bones,  the  ribs  are  most  frequently  involved,  and  in 
these  different  sized  caverns  form,  which  are  filled  with  a  yellowish 
tenacious  substance.  The  corresponding  lymph  glands  of  the  affected 
organs  are  also  usually  affected,  showing  acute  swelling  in  fresh 
infections,  while  in  chronic  cases  a  dense  tough  indurated  condition 
is  noted. 

A  differential  diagnosis  of  the  nodules  becomes  very  frequently 
necessary,  and  in  such  cases  the  nodules  of  anthracosis,  metastatic 
pyemia,  malignant  tumors,  and  especially  parasitic  nodules  come  into 
consideration.  The  nodules  of  anthracosis  are  rare.  They  are  small, 
usually  contain  pigment,  and  are  composed  entirely  of  fibrous  tissue. 
In  metastatic  centers  of  pyemia  the  pus  is  more  fluid,  the  connective 
tissue  wall  is  thin,  the  condition  is  acute,  and  the  primary  seat  of 
infection  can  usually  be  found.  In  metastatic  tumors  there  are  no 
fibrous  walls  surrounding  the  growth,  and  on  cross  section  the  tumor 
cuts  easily  and  contains  no  central  area  of  degeneration,  but  is  homo- 
geneous. The  primary  tumor  can  be  found  in  some  other  part  of  the 
body.  The  parasitic  nodules  caused  by  the  Strongylm  amfeldi  and 
the  Ecchhiococcus  are  quite  similar  to  glanders  nodules.  Parasitic 
nodules,  however,  no  niatter  how  small,  are  always  surroimded  by  a 
capsule.    The  periphery  is  translucent  and  the  center  usually  con- 
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tains  lime  salts.    In  the  large  nodules  the  capsule  is  not  thick  as  in 
the  old  caseous  glanders  nodules. 

Nodular  multiplex  bronchitis,  which  is  characterized  by  small, 
uniform,  gray,  frequently  calcified  nodules,  may  be  mistaken  far 
glanders.  In  the  presence  of  this  affection,  however,  the  surround- 
ing lung  tissue  appears  normal ;  besides,  the  bronchial  lymph  glands 
show  no  involvement.  In  chronic  interstitial  pneumonia  the  inter- 
alveolar  connective  tissue  is  extensively  and  uniformly  thickened  and 
there  are  no  nodules  and  no  gelatinous  infiltration  present.  In  tuber- 
culosis, which  is  very  rare  in  horses,  there  are  different  sized  nodules, 
some  of  which  resemble  sarcomatous  growths,  and  there  is  also  a 
caseation  of  the  thoracic  lymph  glands.  In  botryomycosis  and  pneu- 
momycosis the  changes  show  a  more  chronic  character,  and  in  these 
infections  a  microscopical  examination  will  readily  disclose  the  char- 
acter of  the  affection. 

AUTO-INOCULATION. 

Auto-inoculation  consists  in  a  cutaneous  vaccination  of  the  sus- 
pected horse  with  its  own  nasal  or  lachrymal  discharge.  It  is 
carried  out  by  shaving  the  hair  and  making  an  incision  in  the  skin, 
with  an  ordinary  clean  scalpel,  three- fourths  to  1  inch  in  length  and 
just  deep  enough  to  avoid  drawing  more  than  a  drop  of  blood. 
With  this  same  scalpel  take  up  as  much  of  the  nasal  discharge  as 
will  go  on  its  end,  and  with  the  flat  of  the  point  rub  it  gently  into  the 
incision.  The  object  is  to  encourage  absorption  of  the  virus,  which 
would  not  be  done  if  there  were  a  large  incision  and  a  free  flow  of 
blood.  The  seat  of  the  auto-inoculation  must  be  at  a  point  where  it 
can  not  be  licked  or  rubbed,  and  the  most  convenient  point  with 
these  qualifications  is  about  8  inches  below  and  posterior  to  the  ear. 
In  carrying  out  this  procedure  on  a  number  of  suspected  animals, 
some  of  which  are  probably  free  from  glanders,  the  knife  must  be 
thoroughly  sterilized  after  each  inoculation,  otherwise  hetero-inocu- 
lation  may  be  produced  and  lead  to  very  embarrassing  results. 
Between  each  inoculation,  therefore,  the  knife  should  be  dipped  for 
two  or  three  minutes  in  5  per  cent  carbolic  acid  solution,  removed  and 
wiped  with  a  towel,  and  passed  through  the  flame  of  an  alcohol  lamp. 
It  is  better  to  inoculate  all  the  least-suspected  animals  first,  and  then 
proceed  with  those  more  probably  diseased. 

In  the  healthy  subject,  and  in  those  affected  but  whose  nasal  dis- 
charge contains  no  glanders  bacilli,  no  untoward  result  follows  the 
inoculation  and  the  wound  heals  quickly.  In  the  diseased  subject 
the  wound  usually  heals  in  the  same  manner,  although  rarely  a 
localized  glanderous  inflammation  may  occur.  This  is  followed  in 
from  one  to  five  days  by  a  rise  of  temperature  of  from  1^  to  4®, 
together  with  the  development  of  various  symptcMns  of  glanders.   The 
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auto-inoculation,  therefore,  in  cases  of  occult  glanders  stimulates  the 
latent  form  of  the  disease  into  activity  and  thus  allows  a  diagnosis 
to  be  made  by  physical  examination. 

There  are  several  objections  to  this  method  of  diagnosis.  The 
main  one  is  the  fact  that  should  it  result  negatively  it  does  not 
exclude  the  presence  of  glanders^  as  the  nasal  discharge  does  not 
always  contain  the  specific  organism  even  when  the  animal  is  affected 
with  the  disease.  This  may  be  overcome  to  a  certain  degree  by 
repeating  the  inoculation  one  or  more  times.  A  second  objection  is 
the  fact  that  the  nasal  discharge  is  very  liable  to  contain  other  viru- 
lent organisms  besides  the  Bacillus  mallei^  which  may  lead  to  abscess 
formation.  This,  however,  has  been  rare,  and  Haslan  reports  only  two 
such  cases  in  a  series  of  150  inoculations.  Should  it  occur,  the  abscess 
can  be  readily  opened,  and  in  the  great  majority  of  cases  will  heal 
readily.  A  third  objection  is  the  fact  that  hetero-inoculation  may 
accidentally  occur.  If  the  knife  be  sterilized  between  each  inocula- 
tion and  the  operator  use  ordinary  precaution  this  danger  is  hardly 
to  be  considered.  A  fourth  objection  is  the  fact  that  many  owners 
when  told  of  the  object  of  the  procedure  will  not  allow  it  to  be  done. 

This  method  has  not  been  used  in  the  TJnited  States.  It  has  been 
recommended  by  several  writers,  including  A.  J.  Haslan,  of  the 
British  Army  Veterinary  Corps,  while  stationed  in  India.  The 
method  undoubtedly  is  of  value  in  some  cases,  and  is  particularly 
applicable  in  such  situations  as  the  one  in  which  Dr.  Haslan  was 
placed.  While  he  was  in  India  mallein  was  not  issued  for  use  among 
the  army  horses,  and  auto-inoculation  was  the  only  means  at  his 
command  for  picking  out  incipient  cases. 

EXTIRPATION  OF  THE  SUBMAXILLARY  GLAND. 

This  method  of  diagnosis  was  advocated  by  Haubner,  Bollinger, 
and  Dieckerhoff.  It  consists  in  the  surgical  removal  of  an  enlarged 
submaxillar}'^  gland  in  doubtful  cases  of  glanders  and  the  examina- 
tion of  it  bacteriologically  for  the  Bacilltcs  mallei,  Salmon  removed 
the  submaxillary  glands  from  three  animals  which  were  killed  on 
account  of  being  affected  with  glanders.  In  two  of  these  cases  the 
glands  were  markedly  swollen  and  contained  areas  of  pus.  Bacterio- 
logical examination,  however,  failed  to  disclose  the  Baeillus  mallei 
in  a  single  case,  although  all  of  these  animals  were  proved  to  have 
glanders.  This  method  for  diagnosis  requires  a  surgical  operation 
and  would  not  be  allowed  by  many  horse  owners.  Furthermore,  in 
case  of  a  negative  result  the  horse  can  not  be  said  to  be  free  from 
the  disease.  This  method  is  therefore  considered  of  no  practical 
value. 
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DIAGNOSIS  BY  GUINEA-PIG  INOCULATION. 

This  method  was  first  suggested  by  Straus,  and  is  often  termed 
"  Straus's  guinea-pig  test  for  glanders."  It  is  a  simple  and  valuable 
means  of  diagnosing  those  cases*  of  glanders  showing  farcy  buds  or  a 
nasal  discharge.  Although  it  is  usually  done  at  a  laboratory,  this  is 
not  essential,  as  any  veterinarian,  with  the  usual  precautions,  can 
apply  the  test  in  his  office.  It  is  only  necessary  to  have  one  or  two 
male  guinea  pigs  and  an  ordinary  hypodermic  syringe.  The  nasal 
discharge  is  collected  on  a  cotton  swab  and  emulsified  with  boiled 
water,  so  that  it  can  be  drawn  up  into  the  syringe.  The  guinea  pig 
is  turned  over  on  its  back  by  an  assistant,  the  hair  is  clipped  with 
scissors  from  a  small  area  on  the  abdomen,  and  the  part  washed  with 
antiseptic  solution.  The  needle  of  the  syringe  is  then  pushed  through 
the  abdominal  wall  and  a  few  drops  of  the  material  injected.  The 
second  guinea  pig  is  treated  in  the  same  way.  Two  are  inoculated 
to  guard  against  one  dying  of  peritonitis  before  the  glanders  lesions 
have  had  time  to  develop.  It  is  better  to  allow  the  animals  to  live 
for  from  three  to  four  days  after  the  inoculation  before  chloroform- 
ing, unless  by  examining  the  testicles  they  are  found  to  be  enlarged 
and  the  skin  covering  them  hot  and  reddened,  in  which  case  they  may 
be  killed  at  once.  The  characteristic  lesions  of  glanders  are  found 
in  the  testicle  and  consist  of  the  thickening  of  the  tunica  vaginalis 
and  adhesions  between  the  latter  and  the  testicles.  When  these  are 
forcibly  separated  the  surface  of  the  testicle  is  found  to  contain 
small  w^hite  purulent  areas.  From  such  a  testicle  the  organisms  of 
glanders  can  usually  be  grown  in  pure  culture.  Where  such  changes 
are  found  in  a  guinea  pig  it  is  proof  that  the  horse  is  affected  with 
this  disease. 

MALLEIN  REACTION. 
SUBCUTANEOUS  TEST. 

The  first  important  step  toward  determining  obscure  and  latent 
cases  of  glanders  was  made  by  the  discovery  of  mallein.  This 
product  was  discovered  by  Kelning,  a  Eussian  veterinarian,  in  1890. 
Extensive  experiments  by  Nocard  of  France  and  McFadyean  of 
England  confirmed  the  claim  of  the  valuable  nature  of  this  diagnos- 
tic agent.  It  is  a  sterilized  filtered  extract  of  the  Bacillus  maUcL 
The  dose  of  mallein  prepared  by  the  Bureau  of  Animal  Industry  is 
I  cubic  centimeter  for  the  average-sized  apparently  healthy  horse. 
A  larger  dose,  not  to  exceed  2  cubic  centimeters,  should  be  adminis- 
tered to  extra  heavy,  weakened,  or  aged  animals  and  to  those  sus- 
pected of  having  glanders.  The  dose  should  be  reduced  accordingly 
for  small  animals.  Animals  exhibiting  symptoms  of  other  acute  dis- 
eases or  those  with  suppurative  lesions  should  not  be  injected  until 
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they  have  recovered.  The  preferable  site  for  injection  is  on  the  side 
of  the  neck  about  the  center,  where  any  local  swelling  is  plainly 
visible.  The  hair  should  be  clipped  from  an  area  about  2  inches  in 
diameter,  and  the  skin  thoroughly  cleansed  with  a  disinfecting  solu- 
tion, such  as  5  per  cent  carbolic  acid.  Carefully  sterilize  the  syringe 
and  needle  before  commencing  the  injection  of  each  group  of  animals, 
and  immerse  the  needle  in  a  disinfecting  solution  before  injecting 
each  animal.  It  is  better  to  use  a  separate  syringe,  needle,  and 
thermometer  for  animals  exhibiting  symptoms  suspicious  of  glanders. 
Carbolized  oil,  vaseline,  or  lard  should  be  used  to  facilitate  the  in- 
sertion of  thermometers  and  also  to  disinfect  them.  On  the  day  of 
injection  the  temperature  of  each  animal  should  be  recorded  not  less 
than  three  times  at  intervals  of  not  less  than  two  hours ;  for  instance, 
at  2,  5,  and  8  p.  m.  A  careful  clinical  examination  of  each  animal 
should  also  be  made,  and  to  each  one  some  designation  should  be 
given  by  which  the  animal  will  be  known  throughout  the  test 
Mallein  may  then  be  injected  at  8  or  10  p.  m.,  providing  the  pre- 
liminary temperatures  are  not  abnormal.  After  injection  the  tem- 
peratures should  again  be  recorded,  starting  at  the  expiration  of  not 
more  than  10  hours,  and  should  be  repeated  at  intervals  of  approxi- 
mately 2  hours  until  the  expiration  of  at  least  20  hours  from  the  time 
of  injection,  and  should  be  continued  over  a  longer  period  in  the 
case  of  an  animal  with  a  rising  temperature  at  the  twentieth  hour, 
if,  at  the  same  time,  a  local  reaction  is  present.  What  constitutes  a 
reaction  sufficient  to  warrant  condemnation  of  the  animal  has  been 
the  subject  of  many  articles  and  prolonged  discussion.  The  Bureau 
of  Animal  Industry  has  adopted  the  following  uniform  principles 
for  judging  the  maUein  test : 

1.  In  order  that  a  reaction  produced  by  mallein  may  be  considered 
positive  it  should  evince  the  characteristics  of  a  typical  reaction; 
that  is,  a  combination  of  thermal,  local,  and  general  reactions. 

2.  By  a  typical  reaction  is  to  be  understood  a  gradual  rising  of 
temperature  of  at  least  3°  F.  and  to  above  10i°  F.,  the  maximum 
temperature  being  sustained  in  the  form  of  a  single  or  double  plateau. 
It  should  be  accompanied  by  a  local  as  well  as  a  general  reaction. 

The  local  reaction  consists  of  an  infiltration  at  the  site  of  injection, 
forming  a  large,  abrupt,  painful  swelling,  with  radiating  lym- 
phatics appearing  as  raised  cords,  generally  attaining  greatest  promi- 
nence at  from  18  to  21  hours  after  injection.  The  general  reaction 
is  exhibited  by  a  stiffened  gait,  depression,  loss  of  appetite,  and 
accelerated  breathing. 

3.  The  presence  of  a  local  reaction,  especially  when  associated  with 
a  general  reaction,  should  be  regarded  as  evidence  of  glanders,  even 
if  the  thermal  reaction  be  slight  or  absent 
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4.  Animals  giving  an  atypical  reaction  and  those  reaching  a  maxi- 
mum temperature  of  103^  F.  should  be  retested  after  the  expiration 
of  not  less  than  15  days. 

In  America  the  most  extensive  work  with  malleination  has  been 
done  by  J.  G.  Rutherford,  of  Canada.  The  Canadian  department  of 
agriculture  is  making  successful  efforts  to  eradicate  glanders  from 
the  Dominion,  and  since  March,  1905,  it  has  adopted  the  policy  of 
compensation  and  slaughter  of  all  animals  which  react  to  mallein, 
whether  they  are  showing  symptoms  of  the  disease  of  not.  Many 
veterinarians  have  advanced  the  idea  that  repeated  malleination  has 
a  curative  effect  on  the  disease  and  that  ceased  reactors  may  return 
to  work  and  be  stabled  with  healthy  horses  without  danger  of  trans- 
mitting the  disease.  These  views  have  been  disproved  by  Ruther- 
ford's observation,  as  he  has  traced  several  outbreaks  of  glanders 
directly  to  these  ceased  reactors. 

There  is  a  considerable  proportion  of  glanderous  animals  in  which 
mallein  fails  to  give  a  typical  reaction,  and,  on  the  contrary,  a  reac- 
tion may  follow  the  injection  of  mallein  in  the  absence  of  glandera 
Thus,  mallein  is  not  an  entirely  reliable  diagnostic  agent  for  deter- 
mining glanders,  nor  has  it  ever  been  considered  as  efficacious  in  the 
detection  of  this  disease  as  tuberculin  is  for  the  diagnosis  of  tuber- 
culosis. Judging  the  mallein  test  is  a  procedure  in  the  successful 
performance  of  which  no  hard  and  fast  rules  can  be  laid  down  for 
adoption  in  all  instances.  In  the  great  majority  of  cases  definite 
and  well-marked  results  are  obtained.  There  are,  however,  cases  in 
which,  after  carefully  weighing  all  the  points  in  the  case,  we  are 
undetermined  what  course  to  pursue.  In  such  cases  it  is  best  to 
quarantine  the  animals  and  subject  them  to  a  subsequent  test  by  ap- 
plying the  complement-fixation  method.  Various  statistics  have 
been  gathered  from  different  sources  relative  to  the  reliability  of  the 
mallein  test  in  the  diagnosis  of  glanders,  and  from  a  study  of  6,870 
recorded  cases  mallein  has  been  found  to  give  satisfactory  results  in 
89  per  cent  of  the  tests  applied. 

When  mallein  gives  negative  reaction  in  animals  which  show  no 
clinical  indications  of  glanders,  the  test  may  be  considered  to  be 
efficient  as  a  rule.  The  greatest  number  of  errors  occur  in  those 
apparently  healthy  animals  which  give  positive  reactions  but  which 
on  post-mortem  examination  are  found  to  harbor  parasitic  nodules  in 
the  liver  or  lungs  rather  than  glanders  nodules. 

Schiitz  has  pointed  out,  and  Olt  has  confirmed  the  statement,  that 
on  post-mortem  examination  of  many  cases  of  reactors  nothing  but 
these  parasitic  nodules  are  found,  which  are  in  fact  quite  innocent 
and  very  often  occur  in  healthy  horses.  In  the  handling  of  those 
apparently  normal  animals  it  would  therefore  appear  advisable  to 
5«— 11 23 
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consider  all  nonreactors  as  healthy,  while  those  which  react  should  be 
quarantined  and  subjected  to  the  more  accurate  complement  fixa- 
tion-agglutination test  described  on  page  364. 

ophthalmo  test. 

This  method  of  diagnosis  has  been  recommended  by  various  inves- 
tigators, and  variable  results  have  been  obtained  from  this  test,  but 
they  were  not  uniformly  satisfactory.  Nevertheless,  Prof.  Schniirer,' 
of  Vienna,  is  convinced  that  with  the  application  of  this  test  by  the 
method  recommended  by  him  the  disease  can  be  diagnosed  in  most 
cases,  particularly  if  in  the  doubtful  cases  the  agglutination  test  is 
employed  as  an  adjunct.  The  method  which  is  followed  in  Austria, 
and  which  constitutes  the  official  test  of  that  country,  is  carried  out 
as  follows: 

The  test  is  made  by  practitioners.  They  are  furnished  with  the 
mallein  from  the  central  laboratory  at  Vienna.  Pasteur's  "  mallein 
brute  "  is  used,  of  which  0.75  c.  c.  are  used  for  10  horses.  The  mallein 
is  applied  to  the  eye  with  a  camePs-hair  brush  in  the  following  way : 
The  eyelids  are  opened  with  the  index  finger  and  the  thirnib,  as  is 
customary  when  examining  the  conjunctiva  of  the  eye.  Then  the 
camel's-hair  brush,  which  has  been  submerged  in  the  mallein,  is 
drawn  once  forward  and  again  backward  over  the  eye.  Only  one 
eye  is  used,  the  other  serving  as  a  control.  Immediately  after  the 
application  of  the  mallein  to  the  eye  in  most  of  the  animals  lacrima- 
tion,  increased  reddening,  and  twinkling  of  the  eye  appear;  these 
primary  reactions  are  not  specific  and  disappear  in  the  following 
few  hours.  The  specific  reaction  commences  as  a  rule  5  or  6  hours 
after  the  application  of  the  test  and  lasts  from  36  to  48  hours,  occa- 
sionally even  longer.  It  consists  in  a  suppurative  conjunctivitis, 
with  reddening,  swelling,  and  suppurative  secretions.  Of  these  signs 
only  a  suppurative  secretion  should  be  taken  into  consideration.  The 
results  are  interpreted  as  follows:  (1)  The  reaction  is  positive  if  a 
suppurative  secretion  is  observed  in  varying  quantities.  If  the  secre- 
tion is  present  only  in  a  small  quantity,  it  is  principally  visible  on 
the  inner  canthus  of  the  eye.  (2)  The  reaction  is  negative  in  the 
absence  of  any  secretion.  (3)  The  reaction  is  doubtful  when  there 
is  present  a  slimy  secretion  or  lacrimation  after  24  hours. 

The  judgment  should  be  made  not  earlier  than  12  hours  and  not 
later  than  24  hours  after  the  application  of  the  test.  The  examina- 
tion should  be  made  in  a  good  light.  A  positive  result  indicates  with 
certainty  the  presence  of  glanders ;  negative  results,  however,  should 
not  eliminate  the  possibility  of  the  presence  of  the  disease,  and  only  a 

>  SchnUrer,  J.  Die  Diagnose  der  ansteckenden  Tlerkrankheiten  mittels  der  neuen  Immu- 
iiitHts  Reuktionen.     IX.  International  tIerUrzt.  Kongress  im  Uaag.,  1909. 
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repeated  negative  test  after  three  weeks  excludes  suspicion  of  the 
disease. 

Generally  the  positive  ophthalmo  reactions  are  not  accompanied 
by  fever  or  systemic  disturbances.  Occasionally,  however,  affected 
horses  are  hypersensitive,  so  that  often  a  trace  of  mallein  which 
enters  the  circulation  produces  fever.  Accordingly,  it  is  advisable 
to  accompany  the  ophthalmo  reaction  with  temperature  measure- 
ments. For  this  purpose  the  temperature  should  be  taken  twice,  the 
first  time  when  the  eye  test  is  being  made  and  the  second  time  when 
it  is  judged.  In  a  doubtful  eye  reaction  where  there  is  an  increas- 
ing temperature  over  101.5°  F.,  the  test  should  be  considered  posi- 
tive if  the  animal  had  a  normal  temperature  at  the  time  the  test  was 
made. 

The  following  principles  should  be  considered  in  the  application 
of  ophthalmo  tests : 

1.  The  test  should  not  be  undertaken  in  the  presence  of  a  conjunc- 
tival catarrh. 

2.  The  removal  of  the  suppurative  secretion  (by  the  stable  attend- 
ant or  by  the  animals  licking  each  other,  etc.)  may  obliterate  the 
indication  of  a  positive  result. 

3.  Positive  reactions  may  be  brought  on  by  irritation  of  the  eye. 

4.  In  very  rare  cases  the  ophthalmo  reaction  runs  atypically ;  it  is 
either  abortive — that  is,  it  appears  very  quickly  and  disappears  in  a 
few  hours,  or  it  may  appear  delayed — that  is,  after  24  hours;  both  of 
these  reactions  should  be  considered  as  doubtful. 

5.  Very  rarely  it  may  occur  that  both  eyes  react. 

6.  Between  the  intensity  of  the  reaction  and  the  degree  of  the 
pathological  changes  there  exists  no  definite  relation. 

The  experience  in  this  country  with  the  ophthalmo  reaction  for  the 
diagnosis  of  glanders  is  very  slight.  From  the  limited  number  of 
cases  which  have  been  tested  by  this  method  it  is  almost  impossible  to 
establish  the  reliability  of  the  test,  and  accordingly  no  recommenda- 
tions can  be  made  as  to  its  effectiveness.  One  of  the  writers  per- 
sonally witnessed  the  application  of  this  test  on  a  glandered  horse  in 
the  manner  described  above,  and  the  inflammatory  secretion  of  the 
reaction  appeared  so  pronounced  in  the  eye  that  it  could  be  seen  from 
a  distance  of  20  yards. 

CUTANEOUS  TESTS. 

Since  the  application  of  this  method  of  testing  by  Von  Pirquet  in 
1907  with  tuberculin  for  the  diagnosis  of  tuberculosis  in  persons,  the 
cutaneous  test,  as  well  as  the  intradermal  test,  has  also  been  applied  to 
some  extent  in  the  diagnosis  of  glanders.  The  results,  however, 
which  were  obtained  from  these  methods  of  testing  were  not  suffi- 
cient to  establish  their  diagnostic  value.     The  most  favorable  results 
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were  obtained  by  Schniirer,*  who  claims  some  value  in  these  methods 
of  diagnosis.  For  the  cutaneous  testing  concentrated  mallein  is  used, 
and  the  application  is  carried  out  by  superficial  scarification  of  the 
skin,  after  which  the  concentrated  mallein  is  applied  to  the  scarified 
surface.  The  hair  is  shaved  on  the  side  of  the  neck  for  a  length  of 
about  10  centimeters  and  a  width  of  5  centimeters.  Then,  with  the 
aid  of  an  inoculation  vaccination  lancet  three  superficial  crisscross 
scarifications  are  made  in  equidistant  locations.  The  form  of  each 
scarification  is  #.  The  first  and  the  third  of  these  scarified  areas  is 
painted  over  with  the  mallein,  while  the  middle  one  serves  as  a  con- 
trol. The  reaction  commences  6  hours  after  the  application,  con- 
tinues for  24  hours  and  then  disappears  gradually.  The  extension 
and  thickening  of  the  skin  varies  in  the  reacting  animals  15-50  by 
20-55  centimeters,  while  the  thickening  may  extend  from  1  to  2  centi- 
meters. Of  course  the  middle  scarification  should  show  no  indication 
of  reaction,  but  serves  as  the  control. 

The  intradermal  reaction  has  also  been  applied,  but  the  results 
were  also  more  or  less  unsatisfactory.  The  edematous  swelling  which 
develops  as  a  result  of  the  injection  is  not  always  sufficiently  charac- 
teristic to  establish  the  presence  or  absence  of  glanders  in  an  animal. 
This  may  be  also  carried  out  on  the  side  of  the  neck,  about  0.1  c.  c. 
of  the  crude  mallein  being  used  and  injected  into  the  skin  proper. 

serum  agglutination  reaction. 

This  is  one  of  the  later  additions  to  our  resources  in  diagnosing 
glanders,  and  with  the  improvement  herein  suggested  it  promises 
to  prove  one  of  the  most  valuable  adjuncts.  It  was  first  suggested 
by  McFadyean  in  1896,  after  this  investigator  had  observed  the  value 
of  Widal's  typhoid  fever  agglutination  test.  Later,  extensive  work 
was  done  on  this  subject  by  Schiitz  and  Miessner,  and  their  results 
were  published  in  1905.  They  used  the  dead  cultures  of  Bacillus 
mallei^  with  the  sediment  macroscopic  method,  while  McFadyean 
had  applied  the  hanging-drop  microscopic  method.  Schiitz  and 
Miessner 's  method  has  been  generally  adopted,  and  with  the  improve- 
ment suggested  by  them  the  execution  of  this  test  is  greatly  simplified 
and  requires  a  considerably  less  time  than  any  other  method  known 
for  the  diagnosis  of  glanders. 

In  this  country  the  most  extensive  trial  of  diagnosis  by  agglutina- 
tion has  been  conducted  by  V.  A.  Moore  ^  and  his  assistants,  at 
Ithaca,  N.  Y.  The  method  pursued  by  Moore  was  based  on  the  tech- 
nique originally  suggested  by  Schiitz  and  Miessner,  but  the  method 
as  it  is  now  practiced  in  Germany  has  many  advantages. 

1  SchuUrer,  J.  Die  Diagnose  der  ansteckenden  Tlerkrankhelten  mlttels  der  neuen  Iminu- 
nitHts  Reaktlonen.     IX.  International  tlerftrzt.  Kongress  Im  Haag.,  1909. 

*  Moore,  Taylor,  and  OUtner.  The  agglutination  method  for  the  diagnosis  of  glanders. 
American  Veterinary  Review,  vol.  30.    1906. 
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In  using  this  method  of  diagnosis  it  is  of  primary  importance  to 
have  a  suitable  culture  of  Bacillus  mallei.  All  cultures  of  this 
organism  are  not  susceptible  to  the  specific  glanders  agglutins  which 
are  present  in  the  serum  of  glandered  horses.  When  a  suitable 
culture  is  obtained,  which  is  usually  accomplished  after  testing  three 
or  four  cultures  of  the  organism  from  different  sources,  it  is  kept 
in  stock  in  the  laboratory,  and  from  it  the  test  fluid  is  made.  When 
a  supply  of  the  test  fluid  is  about  to  be  made  the  organism  is  inocu- 
lated into  the  abdominal  cavity  of  a  male  guinea  pig.  The  guinea 
pig  may  be  killed  as  soon  as  the  swelling  of  the  testicles  is  observed, 
or  may  be  allowed  to  die  naturally.  A  culture  is  then  made  from  the 
testicles  on  acid  glycerin-agar.  This  constitutes  the  first  generation 
of  the  culture  after  it  has  been  passed  through  the  guinea  pig,  and 
it  is  essential  to  have  the  culture  pure  and  uncontaminated  with  any 
other  organism.  When  this  culture  has  made  a  good  growth,  wliich 
requires  about  48  hours,  it  is  transferred  to  a  nimiber  of  glycerin-agar 
tubes,  or,  preferably,  to  KoUe  flasks  containing  glycerin-agar  me- 
dium, the  nimiber  of  such  inoculations  depending  upon  the  quantity 
of  test  fluid  desired.  The  preference  for  the  KoUe  flasks  is  given  on 
account  of  the  surface  of  the  medium  being  much  larger  than  in 
tubes,  and  therefore  a  greater  quantity  of  bacilli  can  be  obtained 
from  them.  After  inoculating  the  medium  with  glanders  bacilli, 
the  flasks  are  placed  in  the  incubator,  and  after  24  hours  it  is  advis- 
able to  allow  the  condensation  water  in  the  culture  to  run  over  the 
surface  of  the  medium.  This  practice  will  insure  a  luxuriant  growth 
of  the  organism.  After  another  24  or  28  hours  in  the  incubator  the 
surface  of  the  medium  contains  usually  a  good  growth  of  glanders 
bacilli. 

The  flasks  or  tubes  are  then  taken  from  the  incubator  and  placed 
in  a  thermostat,  where  they  are  heated  for  two  hours  at  60^  C.  in 
order  to  render  the  bacilli  inactive.  Then  the  cultures  are  washed 
off  with  a  physiological  salt  solution,  to  which  0.5  per  cent  carbolic 
acid  solution  has  been  added.  Fifty  to  100  c.  c.  are  used  for  each 
flask.    The  fluid  is  then  filtered  through  ordinary  filter  paper. 

A  sample  of  the  old  emulsion,  which  has  been  previously  titrated 
and  tested,  is  then  taken,  and  by  gradual  dilutions  of  the  new  test 
fluid  an  optical  similarity  of  the  two  solutions  is  attempted.  The 
precise  optical  similarity  is  established  in  the  following  manner: 
Two  beakers  are  taken,  one  being  marked  O,  the  other  N.  They  are 
filled  to  a  height  of  2.5  centimeters,  the  beaker  marked  0  with  the 
old  and  the  one  marked  N  with  the  new  test  fluid.  The  beakers  con- 
taining the  test  fluid  are  placed  in  an  ice  chest  for  several  days. 
They  are  then  taken  out  and  placed  on  printed  paper,  preferably  on 
engraved  print,  and  by  looking  from  above  through  the  fluid  the 
appearance  of  the  printed  matter  indicates  the  density  of  the  test 
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fluids.  If  it  is  found  that  the  new  test  fluid  is  denser  than  the  old, 
it  is  diluted  with  carbolized  salt  solution,  and  this  is  repeated  until 
there  is  a  uniform  density  established  in  the  two  dilutions.  The  dilu- 
tions should  be  made  very  gradually  in  order  not  to  get  the  new 
solution  too  thin.  In  that  case  it  can  be  thickened  only  by  the  addi- 
tion of  bacteria. 

Three  sera  of  known  agglutination  power  are  then  taken,  and 
each  is  tested  with  both  test  fluids.  In  case  the  agglutination  of  the 
new  fluid  shows  the  same  result  as  the  old  one,  which  is  also  confirmed 
by  the  known  agglutination  power  of  the  tested  sera,  then  it  is  proved 
that  the  new  test  fluid  is  of  proper  strength.  Before  these  sero- 
metric  tests  are  made  it  is  advisable  to  keep  the  fluid  for  several 
days  in  the  ice  chest.  ThCvSe  test  fluids  keep  well  for  about  two 
months  at  a  temperature  of  from  4°  to  6°  C. 

With  the  test  fluids  prepared  and  titrated,  the  test  can  now  be 
undertaken.  This  is  a  simple  procedure.  The  blood  is  taken  from 
the  jugular  vein  of  the  horse  by  means  of  a  small  trocar  and  cannula, 
and  the  serum  is  allowed  to  separate. 

The  test  fluid  is  distributed  into  four  tubes  containing  3  c.  c.  each. 
Sufficient  serum  is  then  added  to  make  the  dilutions  1  to  200, 1  to  500, 
1  to  800,  and  1  to  1,200,  respectively.  They  are  then  set  aside  in  the 
incubator  and  examined  by  the  old  method  at  the  end  of  24,  48,  and 
72  hours  for  the  macroscopic  evidence  of  agglutination. 

In  the  laboratory  the  serum  is  diluted  with  physiological  salt  solu- 
tion and  measured  by  means  of  a  finely  graduated  pipette  directly 
into  the  test  tubes. 

This  method  of  agglutination  testing  has  recently  been  improved 
by  Miessner,^  Pfeiler,^  and  Miiller,*  and  it  assures  considerable  sav- 
ing of  time  in  the  diagnosis.  The  preparation  of  the  test  fluid  as 
well  as  the  titration  is  made  as  described  above,  while  the  test  proper 
is  executed  in  the  following  way : 

The  pipettes  used  are  of  1  c.  c.  capacity  graduated  into  hundredths, 
12  c.  c.  pipettes  graduated  into  twentieths,  and  25  c.  c.  pipettes  gradu- 
ated into  tenths.  Test-tube  stands  holding  12  tubes  with  conical 
shaped  holes  at  the  bottom  are  used.  The  tubes  should  be  such  as 
may  be  used  for  centrifugalization.  Nine  tubes  are  placed  in  the 
stand  marked  with  the  number  of  dilutions  the  respective  tubes  con- 
tain. The  suspected  serum  is  diluted  with  carbolized  salt  solution  in 
the  proportion  of  1  to  40  (0.5  c  c.  serum  to  19.5  c.  c.  carbolized  salt 

^Miessner.  Die  Schnellagglutlnatlon  und  Ihre  Verwandung  bel  der  Serodiagnose  des 
Rotzes.     Centralblitt  f(lr  Bakterlologle.     Abt.  1,  Orlg.,  Band  48.     1908. 

•Pfeller,  W.  iJber  die  Serodiagnose  der  Rotzkrankheit  und  die  Beschleunlgung  der 
Agglutination  der  Rotzbazillen  durch  Zentrifugleren.  Archiv  ftir  WIssenschaftliche  und 
Praktische  Tierheilkunde.     Band  34.     1908. 

■Mliller,  M.  Beitrftge  zur  Agglutinationstechnik  beim  Rotz.  Berliner  TierUrztliche 
Wochenschrift     1908. 
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solution).    This  constitutes  the  basic  dilution,  and  from  this  all  the 
dilutions  are  made. 

From  the  1  to  40  basic  dilution  some  of  the  fluid  is  drawn  up  in  a 
pipette  graduated  into  hundredths  and  the  test  tubes  are  successively 
filled  with  quantities  from  this  pipette,  as  indicated  by  the  table 
below.  Then  to  each  tube  2  c.  c  of  test  fluid  (bacilli  emulsion)  are 
added.  The  quantity  of  basic  dilution  required  to  make  the  indi- 
vidual serum  dilutions  is  represented  by  the  following : 

Dilution  of  1  to  300  equals  0.24  c.  c.  of  basic  dilution. 
Dilution  of  1  to  400  equals  0.2  c.  c.  of  basic  dilution. 
Dilution  of  1  to  500  equals  0.16  c.  c.  of  basic  dilution. 
DUutlon  of  1  to  600  equals  0.13  c.  c.  of  basic  dilution. 
Dilution  of  1  to  800  equals  0.1  c.  c.  of  basic  dilution. 
Dilution  of  1  to  1,000  equals  0.08  c.  c.  of  basic  dilution. 
Dilution  of  1  to  1,500  equals  0.06  c.  c.  of  basic  dilution. 
Dilution  of  1  to  2,000  equals  0.04  c.  c.  of  basic  dilution. 
Dilution  of  1  to  4,000  equals  0.02  c.  c.  of  basic  dilution. 
Dilution  of  1  to  8,000  equals  0.01  c.  c.  of  basic  dilution. 

The  tubes  are  then  centrifugalized  for  10  minutes  in  a  centrifuge 
making  from  1,500  to  1,600  revolutions  a  minute.  After  removal 
they  are  allowed  to  stand  for  1^  hours,  when  the  results  are  read. 
These  results  can  be  perfectly  seen  by  taking  the  stand  containing 
the  tubes  and  holding  it  up  toward  the  light  of  the  window  to  see  the 
bottom  of  the  test  tubes.  (See  Plate  XXVII.)  The  appearance  of 
an  irregular,  veil-like  clumping  at  the  bottom  of  the  tube  with  a 
clearing  of  the  upper  part  of  the  fluid  indicates  an  agglutination, 
while  the  collection  of  a  dense  white  precipitation  at  the  bottom  of 
the  tube  and  a  cloudiness  of  the  upper  part  of  the  fluid  indicate 
failure  of  agglutination. 

In  carrying  out  this  method  of  testing  in  the  regular  routine  of 
work  it  is  not  necessary  to  employ  all  of  the  nine  tubes  for  the  test, 
as  four  tubes  of  the  dilutions  of  1  to  400,  600,  800,  and  1,000  are 
sufficient  for  ordinary  testing.  Should  the  agglutination  prove  to 
be  higher  than  1,000,  an  additional  test  to  establish  the  maximum 
agglutinating  power  of  the  serum  can  be  undertaken.  By  this  pro- 
cedure considerable  time  can  be  saved  in  the  execution  of  the  tests. 

The  serum  of  most  horses  free  of  glanders  agglutinates  up  to  the 
value  of  1  to  400,  while  the  serum  of  glandered  horses,  as  a  rule, 
agglutinates  over  1  to  600.  On  the  other  hand,  experience  has  proved 
that  horses  affected  with  chronic  glanders  give  occasionally  a  very 
low  agglutinating  value,  which  in  some  cases  is  often  lower  than  that 
of  normal  horse  blood  serum.  From  this  condition  it  appears  evident 
that  in  the  presence  of  chronic  glanders  the  disease  could  be  deter- 
mined in  an  animal  only  by  repeated  tests,  and  therefore  in  such  cases 
the  diagnosis  is  possible  only  from  the  fluctuation  of  the  agglutina- 
tion value,  as  it  is  a  well-known  fact  that  this  value  is  stationary  in 
normal  horsos. 
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Sometimes  normal  horse  serum  will  agglutinate  in  the  value  of 
I  to  800.  However,  agglutination  hardly  occurs  above  this  value  in 
horses  free  of  glanders. 

After  extensive  experience  with  the  agglutination  test,  Schiitz  and 
Miessner^  established  the  following  rules  to  serve  as  guides  in 
judging  the  results  of  the  agglutination  test: 

1.  All  animals  suspected  of  being  affected  with  glanders  should  be  subjected 
to  the  agglutination  test 

2.  All  those  horses  should  be  destroyed  In  which  the  blood  shows  an  aggluti- 
nation of  1,000  and  over. 

8.  All  horses  should  be  destroyed  in  which  the  blood  shows  an  agglutinating 
value  of  from  500  to  800  and  whfch  at  the  same  time  show  clinical  manifesta- 
tions of  glanders. 

4.  All  other  horses  in  which  the  blood  shows  an  agglutinating  value  from  500 
to  800  should  be  Isolated  and  destroyed  only  in  case  on  the  second  examination 
the  agglutinating  value  changes. 

5.  All  horses  in  which  the  blood  shows  an  agglutinating  value  of  500  to  800 
should  be  considered  free  of  glanders  when  the  agglutinating  value  remains 
unchanged  on  the  second  examination. 

6.  If  the  presence  of  the  disease  has  been  established  in  a  stable,  the  blood  of 
all  horses  should  be  retested  at  the  end  of  the  third  week. 

Malleinization  of  the  horses  shortly  before  the  blood  is  taken  for 
the  agglutination  test  influences  the  results  of  the  test  often  to  a 
great  extent,  and  therefore  it  is  absolutely  essential  not  to  attempt  to 
make  the  agglutination  test  in  cases  where  the  mallein  test  has  just 
been  made.  Ten  days  to  two  weeks  should  elapse  before  the  blood 
should  be  taken  for  the  agglutination  test  from  horses  which  have 
been  tested  with  mallein. 

This  method  of  diagnosis  has  had  considerable  trial  in  the  different 
countries  of  Europe,  and  particularly  in  Austria  and  Germany. 
The  results  obtained  proved  that  the  test  gave  excellent  results  in 
acute  cases  of  glanders,  and  accordingly  it  serves  as  a  splendid  ad- 
junct to  the  complement-fixation  test,  which  always  gives  good  results 
in  chronic  cases. 

In  this  country  the  agglutination  test  has  been  used  only  to  a 
limited  extent,  and  therefore  no  bold  claims  can  be  made  for  it. 
However,  its  adoption  by  some  of  the  European  governments  indi- 
cates that  it  is  a  valuable  means  for  diagnosing  glanders,  particu- 
larly if  adopted  as  an  adjunct  to  the  complement-fixation  test. 

PRECIPITATION  REACTION. 

This  method  of  diagnosis  was  discovered  by  Kraus  and  has  been 
given  considerable  attention  in  the  diagnosis  of  glanders.  It  is 
based  upon  the  fact  that  when  blood  serum  comes  in  contact  with 
different   forms  of  extracts  of  glanders  bacilli  the  precipitins  or 

^  Schfits  and  Mlessner.  Zur  Lerodlagnose  der  Rotzkrankhelt.  Archlv  fttr  Wlssenschaft- 
Ucbe  und  PralctiBche  Tierheillrande.     Band  31,  1905. 


Digitized  by  LjOOQ IC 


THE  DIAGNOSIS  OT  GLANDERS.  861 

receptors  which  are  formed  in  the  blood  of  affected  animals  from  the 
time  the  infection  first  occurs  are  bound  to  the  bodies  in  the  bacillary 
extract,  producing  a  precipitation  which  is  manifested  by  cloudiness 
at  the  point  of  contact  of  the  two  fluids. 

This  method  was  first  applied  to  glanders  by  Dediulin  in  1900,  but 
the  results  were  not  entirely  satisfactory.  Wladimiroff  mixed  the 
serum  of  glandered  and  healthy  horses  with  a  filtrate  of  glanders 
cultures  in  proportions  of  1  to  2  and  1  to  40.  The  results  were  not 
uniform,  and  his  method  of  application  could  not  be  well  utilized  for 
diagnostic  purposes.  The  results  of  Shirnoff  were  similar.  How- 
ever, he  found  that  by  centrifugalizing  the  mixture  the  fluid  of 
healthy  horses  cleared  entirely,  whereas  the  fluid  containing  the 
serum  of  glandered  horses  showed  a  certain  opalescence. 

The  application  of  this  method,  however,  appeared  to  give  far  more 
satisfactory  results  when  employed  in  the  manner  first  described  by 
Pfeiler^  and  Miessner.*  These  two  investigators,  who  evidently 
worked  independently  on  this  method  of  diagnosis,  adopted  a  tech- 
nique in  which  the  interfering  action  of  the  normal  precipitins  in  the 
serum  was  excluded.  This  is  accomplished  by  applying  the  solu- 
tions in  such  a  manner  that  a  contact  layer  of  the  solutions  will 
result 

The  method  recommended  by  Pfeiler  is  somewhat  more  compli- 
cated than  the  method  of  Miessner,  and  it  is  carried  out  in  the  follow- 
ing manner : 

About  0.5  c.  c.  of  serum  of  the  suspected  horse  is  drawn  off  by  a 
pipette  and  allowed  to  run  down  into  an  Uhlenhuth  tube.  It  is  ad- 
visable to  adopt  a  method  by  which  the  serum  is  run  into  the  tube  at 
a  certain  place,  preferably  on  the  left  side  of  the  tube.  By  this  pro- 
cedure a  road  is  made  by  the  fluid  in  the  tube.  Then  the  antigen 
(extract  of  glanders  bacilli)  is  drawn  into  a  pipette.  First,  1  drop  is 
allowed  to  run  into  the  tube  at  about  the  same  place  where  the  serum 
has  run  down.  Then  0.3  c.  c.  of  the  extract  is  allowed  to  run  down 
on  the  side  of  the  tube.  This  procedure  is  followed  in  order  to  in- 
sure that  the  first  drop  of  antigen  forms  a  layer  on  the  surface  of  the 
serum,  and  the  antigen  added  will  then  collect  on  top  of  the  fluid 
without  disturbing  the  point  of  contact.  If  a  number  of  tubes  are 
undertaken,  all  the  tubes  should  receive  first  the  serum,  and  then 
by  the  method  indicated  above  the  antigen  is  added  to  each  tube. 
The  tubes  are  kept  at  room  temperature,  and  the  results  are  read  not 
later  than  one  hour.  Strongly  precipitating  sera  react  in  1  to  10 
minutes.    The  precipitation  ring  is  manifested  at  the  point  of  con- 

^  pfeiler,  Willy.  Die  Ermittelung  der  Rotzkrankhelt  durch  die  Prazlpttationsmethode. 
Archlv  fOr  Wlssenschaftllche  und  Praktische  Tierhellkunde.  Band  35,  Heft  4/5,  pp. 
823-337.     June  24,  1909. 

*  Miessner.  Die  Verwendung  der  Prftsipitation  in  Form  der  SchichtungsmetUbde  aur 
DlagnoBtik  der  Rotzkrankhelt.     Centralblatt  fttr  Bakteriologle,  1909,  Orig.     Band  61. 
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tact  of  two  solutions  in  the  form  of  an  opaque  zone,  the  density  and 
thickness  of  which  depend  on  the  amount  of  precipitins  present  in 
the  examined  serum. 

The  extract  (antigen)  which  is  used  in  the  precipitation  test  is 
identical  with  the  extract  employed  in  the  complement-fixation  test 
Before  the  extract  is  adapted  for  this  testing  it  is  necessary  to 
titrate  it.  Of  the  concentrated  extract  dilutions  are  made  with 
salt  solution  in  proportions  of  1  to  1,  1  to  2,  1  to  3,  1  to  4,  1  to  5, 
1  to  6, 1  to  8, 1  to  10, 1  to  12, 1  to  15,  and  1  to  20.  Then  6  sera  of  non- 
glandered  horses  and  6  sera  of  glandered  horses  are  taken  and 
tested  with  the  various  dilutions  of  the  extract.  For  future  testing 
the  dilution  of  the  extract  is  used  which  produces  the  most  marked 
precipitation  in,  the  glandered  sera  and  which  -at  the  same  time  gives 
no  precipitation  in  the  sera  from  horses  free  of  glanders. 

The  method  of  Miessner  is  also  carried  out  in  Uhlenhuth  tubes  in 
which  about  0.5  c.  c.  of  undiluted  serimi  is  placed.  He  employs  as 
antigen  mallein  which  is  marketed  under  the  name  of  "Malleinum 
siccum  Foth. "  The  antigen  is  carefully  allowed  to  run  into  the 
tube  in  order  to  have  a  distinct  point  of  contact  develop  between  the 
serum  and  the  mallein.  He  then  places  the  racks  containing  the 
tubes  into  incubators  at  37°  C.  for  two  hours,  after  which  time  the 
results  are  read.   The  reaction  is  the  same  as  in  the  method  of  Pfeiler. 

A  modification  of  the  precipitation  test  has  been  recommended 
recently  by  Konew.*  He  prefers  the  use  as  an  antigen  of  a  fluid 
which  he  named  "mallease"  and  which  represents  a  filtrate  of 
glanders  bacilli  dissolved  in  antiformin. 

This  solution  of  the  glanders  micro-organism  is  prepared  by  dis- 
solving the  growth  which  occurs  on  a  2-day-old  agar  culture  with 
an  8  per  cent  antiformin  solution  by  using  about  10  cubic  centimeters 
of  the  latter  to  each  agar  culture.  Antiformin  is  the  patented  name 
of  a  disinfectant  made  by  adding  sodium  hydrate  to  a  solution  of 
sodium  hypochlorid,  and  is  on  the  market  at  60  cents  a  pint.  Its 
activity  seems  to  be  due  to  an  intense  oxidation.  This  solution  of 
antiformin  has  recently  been  attracting  the  attention  of  those  bacteri- 
ologists who  are  interested  in  sputa  examinations  on  account  of  its 
ability  to  dissolve  various  forms  of  bacteria  generally  found  in  the 
sputum  without  affecting  in  any  way  the  bacillus  of  tuberculosis, 
thereby  permitting  the  latter  to  be  more  readily  detected  on  micro- 
scopic examination.  It  has  this  same  ability  to  dissolve  the  bacillus 
mallei,  and  in  two  hours  at  room  temperature  the  washed  culture 
previously  referred  to  is  completely  dissolved  by  the  solution  of  anti- 
formin.   If  the  culture  dissolves  quite  rapidly,  Konew  adds  to  this 

^  Konew,  D.  Prftzlpltatlonsreaktlon  als  diagnostische  Methodo  beim  Rotz.  Vorlftuflge 
Mitteilung.  Centralblatt  fUr  BakteHologie.  Abt.  1,  Orlg.,  Band  55,  Heft  3,  pp.  251-253. 
July  9,  1910. 
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solution  another  washed  culture  of  greater  density  in  order  to  obtain 
as  a  final  result  a  saturated  or  concentrated  antiformin  solution  of 
glanders  bacilli.  This  solution  is  at  first  strongly  alkaline,  but  is 
neutralized  by  means  of  a  5  per  cent  solution  of  sulphuric  acid.  The 
solution  is  then  filtered,  first  by  ordinary  filter  paper  and  later  by  the 
Berkefeld  filter,  in  order  that  the  fluid  will  be  homogeneous  without 
any  undissolved  baciUi  being  present.  This  fluid  constitutes  the  one 
component  part  of  the  precipitation  reaction,  and  as  a  name  to  dis- 
tinguish it  from  the  other  soluble  albumens  Konew  has  termed  it 
"  mallease,"  which  is  analogous  to  the  terms  tuberculase,  pyocyanase, 
etc. 

According  to  its  discoverer,  the  precipitation  reaction  is  carried  out 
in  the  following  manner : 

The  blood  taken  from  the  jugular  of  the  horse  to  be  examined  is  collected 
Li  a  glass  container  and  then  allowed  to  remain  at  room  or  incubator  tempera- 
ture. The  separated  serum  which  is  thus  obtained  serves  as  the  second  nec- 
essary fluid  for  the  precipitation  reaction.  In  order  to  produce  the  reaction 
1  cubic  centimeter  of  the  mallease  is  poured  into  a  glass  test  tube  of  3  to  4 
millimeters  in  diameter  and  15  centimeters  long  so  that  the  liquid  in  the  tube 
is  about  3  centimeters  in  height.  Then  about  the  same  quantity  of  the  blood 
serum  from  the  suspected  horse  is  talsen  in  a  Pasteur  pipette  which  is  intro- 
duced into  the  tube  containing  the  mallease  in  such  a  manner  that  the  point 
of  the  Pasteur  pipette  reaches  the  bottom  of  the  tube.  Not  until  then  is  the 
serum  allowed  to  pour  very  slowly  under  the  mallease.  Inasmuch  as  the  serum 
has  a  higher  specific  gravity,  it  remains  on  the  bottom  while  the  mallease  is 
forced  up.  The  free  end  of  the  pipette  is  then  covered  with  the  finger  and  the 
pipette  is  carefully  taken  out  so  that  the  serum  is  not  mixed  with  the  mallease. 
Such  a  mixing  should  also  be  avoided  during  the  introduction  of  the  pipette 
into  the  serum.  The  two  solutions  must  only  come  in  contact  at  one  point 
and  then  the  reaction  will  be  very  marked. 

In  case  of  a  positive  reaction — that  is,  when  the  serum  Is  obtained  from  a 
horse  affected  with  glanders — a  ring  of  white  cloudiness  develops  at  the  point 
of  contact  of  the  two  clear  solutions,  as  a  result  of  the  precipitin  formation, 
which  is  particularly  marked  in  good  daylight  when  the  tube  is  placed  in  front 
of  a  window  against  some  dark  object.  According  to  the  duration  of  the  dis- 
ease, the  white  ring  develops  at  various  times  and  in  varying  intensity.  In 
severe  and  chronic  cases  of  glanders  the  serum  produces  the  ring  immediately ; 
in  slight  affections  when  the  lesions  are  not  very  marked  in  the  animal,  the 
precipitation  reaction  appears  only  In  5  to  15  minutes. 

This  white  cloudy  zone  is  somewhat  suggestive  of  the  white  ring 
formed  by  the  presence  of  albumen  in  the  nitric-acid  test  of  urine. 
(See  PI.  XXVIII,  fig.  1.) 

Based  on  his  results,  Konew  drew  the  following  conclusions : 

1.  By  using  the  concentrated  solution  of  glanders  bacilli  (mallease),  the 
precipitation  reaction  can  he  applied  as  a  diagnostic  method  even  in  the  earliest 
stages  of  glanders. 

2.  As  a  result  of  the  simple  technique  and  the  short  time  required  for  ex- 
amination (about  one  hour),  the  precipitation  reaction  should  be  preferred  to 
any  other  method  of  diagnosis. 
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3.  Blood  from  the  horses  to  be  examined  should  be  taken  before  the  injection 
of  mallein. 

4.  The  solution  of  mallease  must  be  titrated  in  accordance  with  other  stand- 
ard gerums  before  they  are  given  out  In  practice,  and  therefore  they  should 
only  be  prepared  in  bacteriological  laboratories. 

COMPLEMENT-FIXATION  TEST. 

In  1909  Shiitz  and  Schubert  ^  published  the  results  of  their  impor- 
tant work  on  the  application  of  the  method  of  complement  fixation 
for  the  diagnosis  of  glanders.  And  since  their  experiments  were 
followed  by  splendid  results,  exceeding  by  far  the  results  obtained 
from  either  the  mallein  or  the  agglutination  test,  they  recommended 
that  this  method  of  diagnosis  in  combination  with  the  agglutination 
test  be  taken  as  the  official  test  in  Germany.  This  method,  over- 
coming as  it  does  the  disadvantages  of  the  mallein  and  agglutination 
tests,  constitutes  without  doubt  the  most  reliable  method  for  the 
diagnosis  of  glanders  which  we  have  at  our  command  at  the  present 
time.  The  complement-fixation  test  is,  in  fact,  the  most  definite 
method  known  for  determining  specific  infections  and  is  as  nearly 
perfect  as  a  biological  test  can  be.  It  has  recently  been  thoroughly 
studied  by  this  bureau  and  has  given  excellent  results.* 

Meyer '  has  also  published  a  recent  article  on  the  value  of  this  test 
in  which  he  concludes  that  occult  glanders  may  be  more  readily  diag- 
nosed by  the  complement-agglutination  method  than  by  the  mallein 
test. 

The  principle  of  this  test  is  presented  in  the  phenomenon  of 
hemolysis,  which  was  first  discovered  and  studied  by  Bordet  and 
Gengou,  and  extended  by  Ehrlich,  Morgenroth,  and  Sachs.  It  is 
called  the  complement-fixation  test  on  account  of  the  fact  that  the 
complement  has  been  fixed  by  the  combination  of  antigen  with  anti- 
body and  thus  prevented  from  participating  in  the  hemolytic  process 
in  which  it  is  essential  in  order  for  hemolysis  to  take  place.  By  this 
method  even  small  quantities  of  glanders  amboceptors  (antibodies) 
can  be  demonstrated  in  a  serum. 

The  presence  of  an  infectious  principle  in  the  organism  of  an 
animal  or  a  man  has  a  stimulating  effect  on  the  production  of  anti- 
bodies (immune  bodies).  If  a  serum  containing  such  immime 
bodies  is  inactivated  and  brought  into  contact  with  the  antigen  in 
the  presence  of  complement,  the  complement  will  become  firmly  fixed 
by  the  combined  immime  body  and  antigen.     (See  PL  XXVIII, 

»  Schtltz  and  Schubert.  Die  Ermlttelung  der  Rotzkrankhelt  mit  Hllfe  der  KompIemcDt- 
ablenkungsmethode.  Archlv  ftlr  Wissenschaftliche  und  Praktische  Tierbellkunde.  Band 
ri5.  Ileft  1/2,  pp.  44-83.     1909. 

*Mohler,  John  R.,  and  Elchhorn,  Adolph.  The  Diagnosis  of  Glanders  by  Complement 
Fixation.  U.  S.  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Bulletin  136. 
1911. 

8  Meyer,  Karl  F.  Sero  Diagnosis  of  Glanders.  American  Veterinary  Review,  vol.  39 
Nos.  2  and  3.     1911. 
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Plate  XXVIII. 


Fig.  1  .—Precipitation  Reaction  for  Glanders. 

A .  Negative  reaction;  control  test  with  senira  from  healthy  horse. 

B.  Positive  reaction:  serum  obtained  from  an  occult  case  of  glanders. 

(Xote  cloudy  ring  at  iK)int  of  contact  of  two  fluids,  indicated  by  arrow.) 
r.  Positive  reaction;  serum  obtained  from  case  of  nasal  glanders. 
i>.  Positive  reaction;  serum  obtained  from  horse  with  chronic  farcy. 


A. 


A^^mo^c^m^  V.^/^'^^  /-^^  V^y^"'^^ 


JUmoAj^m  u)^reatJt: 


ja/ffye/t). 

Fig.  2.-DIAGRAMMATIC  REPRESENTATION  OF  COMPLEMENT  FIXATION. 


JSae^rUe/^ 


vysts. 


Na/teirtJ^i*  /jO^r^iuftr 


A.  Hemolytic  system. 

B.  Harloriolytic  system. 

C.  Xegiiiive  reaction  with  normal  horse  serum. 
/).  Positive  reaction  with  glandered  hors*?  semm. 
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Plate  XXIX. 
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fig.  2,  B.)  Thus^  anchoring  takes  places  beta^een  the  antigen  and 
the  antibody  in  which  the  complement  becomes  fixed.  This  anchor- 
ing is  thoroughly  established  when  the  mixture  is  placed  in  an  incu- 
bator for  one  hour.  The  addition  of  the  hemolytic  amboceptor  and 
blood  corpuscles  to  such  an  anchored  antigen  and  immune  body  will 
have  no  effect.  ( See  PI.  XXVIII,  fig.  2,  D.)  Thus  no  hemolysis  will 
take  place,  inasmuch  as  the  complement  has  been  fixed  by  the  immune 
body  and  the  antigen,  thereby  leaving  ihe  hemolytic  system  incom- 
plete. On  the  other  hand,  if  the  inactivated  serum  contains  no  im- 
mune bodies,  there  would  be  no  substance  in  the  serum  to  anchor 
the  antigen.  As  a  result,  therefore,  no  fixation  of  complement  will 
occur,  this  being  left  free,  and  on  addition  of  hemolytic  amboceptor 
and  blood  corpuscles  hemolysis  will  now  take  place.  (See  PL 
XXVIII,  fig.  2,  C.)  Neither  the  antigen  nor  the  antibody  alone  can 
fix  the  complement  and  thereby  influence  hemolysis  when  the  hemo- 
lytic amboceptor  and  blood  corpuscles  are  added.  However,  in  com- 
bination the  fixation  will  invariably  take  place,  and  on  the  addition 
of  the  hemolytic  amboceptor  and  blood  corpuscles  hemolysis  will  not 
be  produced. 

Since  the  discovery  of  this  phenomenon  it  has  been  utilized  ex- 
tensively in  serum  diagnosis,  but  probably  its  greatest  value  has 
been  obtained  from  the  Wassermann  reaction  for  the  diagnosis  of 
syphilis.  It  has  also  been  employed  in  other  diseases  with  more  or 
less  satisfaction,  and  its  great  field  in  bacteriological  investigations 
has  not  yet  been  exhausted  for  the  practical  diagnosis  and  determina- 
tion of  immune  bodies  in  serum.  In  veterinary  practice  complement 
fixation  is  now  gradually  becoming  used  for  the  diagnosis  of  glan- 
ders. This  method  of  diagnosing  glanders  has  given  the  most 
favorable  results  in  Germany,  and  constitutes  at  the  present  time 
the  official  test  for  Prussia  and  other  parts  of  Germany.  It  has  also 
')een  used  in  the  diagnosis  of  other  diseases  of  animals,  but  not  with 
such  success  as  in  glanders. 

The  presence  of  the  specific  immune  bodies  (bacteriolytic  ambo- 
ceptors) in  the  serum  of  glandered  horses  brings  about  the  fixation 
of  the  complement  when  the  antigen  in  the  form  of  glanders  bacilli 
extract  is  added  to  the  hemolytic  system.  The  serum  of  glandered 
horses,  therefore,  contains  antibodies  (immune  bodies)  against 
glanders  bacilli,  which  are  specific  only  for  the  glanders  bacilli  and 
for  no  other  infection.  The  complement  fixation  accordingly  repre- 
sents a  specific  test,  as  only  in  the  presence  of  the  glanderous  immune 
bodies  and  glanderous  antigen  will  the  reaction  take  place.  If,  in- 
stead of  the  glanderous  immune  bodies,  other  antibodies  of  another 
infectious  disease  be  present  in  the  blood  serum,  they  will  exert  no 
effect  whatsoever  on  the  glanderous  antigen ;  and,  on  the  other  hand, 
if  serum  containing  glanderous  immune  bodies  is  brought  in  contact 


Digitized  by  LjOOQ IC 


366  27TH  EEPORT,   BUREAU   OF  ANIMAL.  INDUSTRY. 

with  an  antigen  of  another  infectious  disease  it  will  also  have  no 
effect  on  the  reaction.  By  this  fixation  of  the  complement  the  hemo- 
lytic system  is  left  incomplete,  and  as  a  result  no  hemolysis  will  take 
place.  This  fixation  of  the  complement  by  the  antigen  and  immime 
bodies  of  glanders  in  the  horse  serum  constitutes  the  diagnostic  test 
for  this  disease. 

In  the  application  of  the  test  it  is  necessary  to  have  substances  con- 
stituting the  hemolytic  system,  which  are  the  washed  blood  corpuscles 
of  a  sheep,  the  hemolytic  amboceptor  (rabbit  serum),  and  comple- 
ment (normal  guinea  pig  serum) . 

There  are  also  used,  besides  the  hemolytic  system,  the  serum  of 
the  horse  to  be  examined  and  antigen  (extract  of  glanders  bacilli). 
The  preparation  of  these  various  substances  and  the  technique  of 
their  application  is  explicitly  presented  in  Bureau  of  Animal  Indus- 
try Bulletin  136,  previously  mentioned. 

The  results  of  the  tests  are  manifested  in  most  instances  by  a  dis- 
tinct reaction  which  takes  place  in  the  test  tubes. 

We  may  thus  obtain  in  these  tubes  either  complete  hemolysis,  in- 
complete hemolysis,  or  no  hemolysis  whatsoever.  The  fixation  of 
the  complement  is  manifested  by  the  absence  of  hemolysis,  and  there- 
fore we  have  a  settling  of  the  blood  corpuscles  with  the  watery  clear 
fluid  above.  Such  a  result  indicates  without  doubt  the  presence  of 
glanders.  (See  PL  XXIX.)  On  the  other  hand,  if  the  tubes  show 
complete  hemolysis,  the  absence  of  glanders  is  thereby  indicated.  In 
the  presence  of  glanders  a  fixation  of  the  complement  takes  place,  as 
a  result  of  anchoring  to  the  immime  bodies  and  antigen  (see  PI. 
XXVIII,  fig.  2,  Z>),  while  in  the  absence  of  glanders,  there  being  no 
immune  bodies  present,  the  complement  is  used  up  in  the  phenome- 
non of  hemolysis.    (See  PI.  XXVIII,  fig.  2,  C.) 

Then,  again,  we  may  have  cases  in  which  the  fixation  of  the  com- 
plement is  incomplete ;  that  is,  there  is  a  settling  of  corpuscles  in  the 
bottom  of  the  test  tube,  but^the  fluid  shows  traces  of  hemolysis.  It 
does  not  show  the  characteristic  saturated  color  of  hemolysis,  but  only 
a  tingeing  with  the  hemoglobin.  This  is  termed  an  almost  complete 
fixation,  and  also  indicates  the  presence  of  glanders.  The  presence 
of  the  characteristic  color  in  the  fluid  and  a  very  slight  deposit  of 
corpuscles  on  the  bottom  should  not  be  taken  as  an  indication  of  an 
infection,  as  such  a  condition  may  be  brought  on  by  various  causes, 
and  particularly  so  by  the  presence  of  nonspecific  substances  in  the 
serum  of  the  horse,  which  may  cause  a  very  slight  checking  of  the 
hemolysis.  But  all  cases  where  the  results  show  a  fixation  of  the 
complement  (no  hemolysis)  or  almost  complete  fixation  (slight  tinge- 
ing of  the  fluid  above  the  settled  blood  corpuscles)  indicate  the  pres- 
ence of  glanders. 
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The  results  of  the  complement-fixation  test  should  be  interpreted 
as  follows : 

1.  Horses  in  which  the  serum  produces  a  complete  fixation  of  the 
complement  in  the  quantities  of  0.1  and  0.2  c.  c.  should  be  considered 
as  glandered. 

2.  Horses  in  which  the  serimi  gives  a  complete  fixation  in  the 
quantity  of  0.2  c.  c.  and  an  incomplete  fixation  in  the  quantity  of 
0.1  c.  c.  should  likewise  be  considered  as  glandered. 

3.  Horses  in  which  the  serum  produces  an  incomplete  fixation  of 
the  complement  in  the  quantities  of  0.1  and  0.2  c.  c.  should  also  be 
considered  as  glandered. 

4.  Horses  in  which  the  serum  shows  no  fixation  of  the  complement 
in  either  tube  should  be  considered  free  of  glanders. 

In  order  to  reduce  the  possibility  of  error  to  a  minimimi  the  agglu- 
tination test  inay  be  applied  to  the  latter  cases,  and  if  this  shows 
a  value  of  1  to  1,000  or  over,  the  animal  should  be  considered  as 
glandered.    However,  such  cases  are  extremely  rare. 

Since  this  method  of  diagnosis  for  glanders  was  inaugurated  in 
this  laboratory  large  numbers  of  horses  and  mules  have  been  exam- 
ined in  the  District  of  Columbia,  as  well  as  the  blood  of  animals 
from  other  parts  of  the  United  States.  Many  of  the  horses  examined 
had  clinical  cases  of  glanders,  while  others  were  selected  because 
they  were  reactors  to  the  mallein  test,  some  typically,  and  others 
atypically.  A  large  proportion  of  the  cases,  however,  were  exposed 
or  "  contact "  horses.  From  the  number  of  tests  already  made — 
about  1,540 — ^the  results  indicate  that  in  the  complement  fixation  we 
have  a  method  which  in  accuracy  is  equal  to  the  tuberculin  test  for 
the  diagnosis  of  tuberculosis  in  cattle.  The  results  of  the  tests  thus 
far  conducted  show  that  at  least  97  per  cent  of  the  cases  of  glanderous 
affections  can  be  determined  by  the  complement-fixation  method. 
Furthermore,  the  affected  horses  in  which  a  negative'  or  an  atypical 
reaction  occurs  are  as  a  rule  either  very  old  chronic  cases  of  glanders, 
or  those  fresh  cases  of  infection  tested  during  the  period  of  incu- 
bation. According  to  Hutyra  and  Marek  ^  the  diagnosis  of  glanders 
by  the  complement-fixation  test  has  already  given  such  accurate 
results  that  it  may  be  considered  as  the  best  method  for  the  determi- 
nation of  this  disease  at  the  present  time. 

Among  the  horses  tCvSted  by  complement  fixation  there  were  a 
number  of  animals  which  gave  an  atypical  reaction  to  the  mallein 
test,  but  on  the  complement-fixation  test  proved  either  absolutely 
positive  or  negative.  Of  these  horses  those  which  gave  a  positive 
reaction  and  were  killed  proved  to  be  glandered.  The  table  follow- 
ing shows  the  comparative  results  obtained  with  the  mallein  and 
complement-fixation  tests. 

^  SpezleUe  Pathologle  und  Tlieraple  der  Haustlere.    Third  edition,  Band  1,  p.  717,  1910. 
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Comparative  results  icith  mallein  and  complement-fixation  tests. 


Postttre  to  maDeIn  test. 

Negative  to  mal- 
lein test. 

Atypical  reaction  to  mallein 
test. 

LocaUty. 

Total 
ntnn- 
berof 
tests. 

Response 
to  com- 
plement- 
fixation 
test. 

Poslrmorw 
tern. 

Total 
ntim- 
berof 

to  com- 

piemen  t- 

Tlxatioa 

test. 

Total 
nnm- 
berof 

Response 
to  com- 
plement- 
test. 

Post-moi^ 
tem. 

Total 
ani- 

niftlf. 

Posi- 
tive. 

Nega- 
tive. 

Posi- 
tive. 

Nega- 
tive. 

Posi- 
tive. 

Nega- 
tive. 

Posi- 
tive. 

Nega-  Posi- 
tive,   tive. 

Nega- 
tive. 

California. . . 

6 

1 

I 

6 
5 

7 
18 
1 
35 
6 
19 
2 
1 
5 
2 
5 

26 
19 

2 
5 

2 
1 

1 
4 
2 
2 
7 
1 

6 

Canada 

1 

1 

Connecticut! 

3 

1 

6 
4 
3 

12 
6 
9 
8 
6 

12 
1 
1 
4 
1 
2 

29 

1 
....„ 

1 

■"*3 

4 
3 
6 

1 

...... 

"26' 

1 

10 

Florida 

9 

8 

1 

6 

24 

Illinois 

10 

Indiana 

11 
32 
3 

2 

9 
32 
3 

2          1 
12   

'"3" 

19 

Uf^inA 

7 

51 

Michigan 

Missouri 

6 
6 

27 

10 

Montana 

9 

1 

17 

4 

13 

4 
3 
6 

eo 

Nebraska . . . 

12 

North  Dakota 

11 

U 

42 

Oregon 

Pennsylvania. 
Texas 

3 

1 
3 

1 
4 

2 

9 

Washington... 

Wyoming 

Misoellaneous. 

3 

...J  ... 

2 
9 

7 

1 

20 

29 

Total. . . 

137 

103 

34 

3 

7 

83 

25 

68 

105 

44 

61 

22 

3 

325 

In  addition  to  the  above  there  have  been  1,218  tests  made  upon 
horses  with  the  complement-fixation  method  alone,  and  we  have  also 
tested  by  this  method  the  blood  of  one  lion,  which  gave  a  positive 
reaction,  and  the  blood  of  one  hmnan  suspected  of  having  glanders, 
which  proved  negative.    These  two  results  were  later  substantiated. 

Of  the  above-mentioned  1,218  tests,  643  were  conducted  on  horses 
at  Washington,  D.  C.,  and  of  these  21  gave  a  positive  reaction,  all 
of  which  were  subsequently  confirmed  on  post-mortem.  The  remain- 
ing 575  were  from  miscellaneous  sources,  78  of  which  were  positive, 
while  497  were  negative. 

In  the  325  cases  shown  in  the  above  table,  wherein  the  two  tests  are 
compared,  the  mallein  test  was  confirmed  by  the  complement-fixation 
test  in  161  cases  and  was  not  confirmed  in  59  cases.  There  were  105 
atypical  reactions  to  mallein  which  were  definitely  diagnosed  by  com- 
plement fixation — 44  positive  and  61  negative.  Seven  of  the  Maine 
reactors  to  mallein  and  3  atypical  reactors  were  examined  post- 
mortem without  showing  any  evidence  of  glanders. 

In  order  to  determine  whether  the  fixation  of  the  complement  may 
be  obtained  occasionally  in  normal  horses  or  in  horses  affected  with 
various  diseases  other  than  glanders,  ar  number  of  tests  were  made 
with  the  blood  of  apparently  normal  horses,  and  also  with  horses 
suffering  with  various  infectious  and  noninfectious  diseases.  One  of 
these  tests  was  made  with  the  blood  of  a  horse  affected  with  swamp 
fever,  in  which  the  temperature  registered  106.2°  F. ;  other  tests  were 
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niade  with  blood  from  horses  affected  with  distemper,  influenza, 
pneumonia,  heaves,  lameness,  fistulous  withers,  forage  poisoning,  etc., 
but  in  all  these  cases  negative  reactions  were  obtained. 

COMBINED  COMPLEMENT-FIXATION  AND  AGGLUTINATION  TESTS. 

While  the  complement-fixation  test  is  without  doubt  the  most  satis- 
factory single  method  of  diagnosing  glanders,  and  although  practi- 
cally all  cases  giving  a  complement  fixation  can  be  considered  as 
glanderous  infections,  nevertheless  there  is  a  very  small  percentage  of 
cases  in  which  the  complement  fixation  is  not  well  marked,  and  in 
these  instances  some  uncertainty  may  be  felt  regarding  the  final  de- 
termination of  the  presence  or  absence  of  the  disease.  Such  instances 
may  be  met,  particularly  where  the  infection  is  of  a  very  recent 
origin.  Inasmuch  as  it  has  been  established  that  the  agglutination 
test  gives  highly  satisfactory  results  in  these  early  stages  of  glanders, 
the  application  of  the  combined  test  appears  therefore  very  advisable. 
The  results  which  were  published  by  Miessner  and  Trapp  ^  regard- 
ing the  value  of  the  complement-fixation  test  and  the  combined 
blood  test  (complement  fixation  and  agglutination)  show  that  about 
97  per  cent  of  the  cases  in  which  complement  fixation  is  obtained 
prove  to  be  glanders.  On  the  other  hand,  by  the  combined  blood  test 
the  number  of  failures  in  healthy  horses  is  reduced  to  1.1  per  cent, 
and  in  gl^ndered  horses  to  0 ;  or,  as  Hutyra  and  Marek  *  have  stated, 
the  combined  blood  test  will  prove  accurate  in  99  per  cent  of  the 
tests  applied. 

The  agglutination  test  as  it  is  employed  in  combination  with  the 
complement-fixation  test  is  a  modification  of  the  agglutination  test 
which  was  formerly  used,  and  has  been  described  in  detail  under  the 
heading  of  "  serum  agglutination  reaction,"  on  page  356. 

Based  on  the  experience  gained  with  the  combined  blood  test,  the 
Prussian  minister  of  agriculture  has  adopted  the  following  prind-] 
pies  for  the  diagnosis  of  glanders  by  this  method : 

1.  Horses  the  serum  of  which  produces  a  complete  diversion  of  the  comple- 
ment in  the  quantity  of  0.1  c.  c.  should  be  considered  glandered  without  con- 
sideration of  the  agglutination  value. 

2.  Horses  the  serum  of  which  gives  an  incomplete  diversion  of  complement  In 
the  quantitj'  of  0.1  c.  c.  or  even  in  the  quantity  of  0.2  c.  c.  should  be  destroyed 
without  consideration  of  the  agglutination  value. 

3.  Horses  the  serum  of  which  produces  no  diversion  of  complement  in  quanti- 
ties of  0.2  c.  c.  should  be  destroyed  if  their  agglutination  value  exceeds  1  to 
1,000. 

4.  In  every  stable  of  horses  where  the  first  blood  examination  reveals  glan- 
ders, a  second  series  of  samples  should  be  taken  on  the  day  of  the  killing  of 

^Miessner  and  Trapp.     Die  Komplementbindang  beim  Rotz  and  ihre  Bezlehung  Eur 
Syphilisreactlon.     Centralblatt  fUr  Bakteriologie.  Band  52.     1909. 
« Ibid.,  p    716. 
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the  affected  animals.  If  glanders  Is  again  found,  a  third  series  of  samples  is 
taken  14  days  after  the  second  series  and  following  the  disinfection  of  the 
preiiises.  Should  the  third  blood  examination  prove  the  presence  of  addi- 
tional cases  of  glanders,  the  procedure  should  be  repeated,  as  aft^  the  first 
blood  examination. 

5.  Horses  the  serum  of  which  does  not  produce  a  diversion  of  complement  in 
quantities  of  0.2  c.  c.  and  the  agglutination  value  is  less  than  1,000,  should  be 
considered  healthy  If  the  blood  was  taken  at  least  14  days  after  the  removal  of 
the  sources  of  Infection.  If  the  time  when  the  sources  of  infection  were 
removed  can  not  be  positively  determined,  a  second  series  of  blood  samples 
should  follow  the  first.  If  the  second  examination  of  the  blood  shows  the  same 
result  as  the  first,  the  horses  should  be  considered  healthy. 

6.  The  blood  examination  of  the  horses  In  the  stable  should  be  considered  as 
concluded  when  the  above  requirements  have  been  carried  out 
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ANIMALS. 

By  Jotfw  S.  BucBXEY,  D.  V.  S.,  Assistant  in  Pathology,  Pathological  Division, 

AND 

Thomas  Castob,  V.  M.  D.,  Veterinary  Inspector,  Philadelphia,  Pa, 

This  paper  dealing  with  the  topographical  anatomy  of  the  lym- 
phatic apparatus  of  food-producing  animals  has  been  written  in  an 
endeavor  to  meet  a  need  that  must  be  felt  by  practically  every  be- 
ginner in  that  branch  of  sanitary  hygiene  which  has  to  do  with  the 
examination  of  meats  and  the  organs  or  carcasses  of  meat-producing 
animals.  It  is  regrettable  that  a  more  absolute  knowledge  does  not 
exist  of  the  anatomical  detail  of  this  system  in  flie  various  food 
animals,  but  an  endeavor  has  been  made  to  supply  as  much  as  possible 
of  the  general  knowledge  that  could  be  gleaned  from  the  various 
works  that  treat  of  this  subject,  together  with  a  fair  amount  of  orig- 
inal investigation  carried  out  by  the  writers  of  this  paper. 

Hitherto  no  great  amount  of  special  attention  has  been  devoted  in 
the  veterinary  schools  to  the  study  of  the  lymphatic  system,  but  the 
prominence  which  has  lately  been  given  to  the  inspection  of  meats 
and  carcasses  of  meat-producing  animals  necessitates  a  closer  ac- 
quaintance with  all  that  pertains  to  these  structures,  as  intelligent 
judgment  as  to  the  fitness  or  unfitness  of  meats  for  human  consump- 
tion is  based  largely  on  the  conditions  found  in  the  lymph  glands. 
As  it  is  in  the  diseased  carcasses  that  we  find  presented  the  ideal 
conditions  for  the  best  appreciation  of  the  whole  lymphatic  appa- 
ratus, to  the  novice  in  meat  inspection  an  exceptional  opportunity 
is  there  afforded  for  its  study  which  should  on  no  account  be  neg- 
lected. 

DESCRIPTION  OP  THE  LYMPHATIC  SYSTEM. 

The  lymphatic  system  presents  for  study  the  lymph  and  its  cellular 
constituents,  the  lymph  vessels  and  lymph  glands,  together  with  cer- 
tain accessory  lymphatic  structures  which  form  a  part  of  the  system. 

THE   LYMPH. 

The  lymph  itself  is  identical  with  the  plasma  of  the  blood  and  con- 
tains cellular  elements  which  vary  much  at  different  periods  and  in 
different  parts  of  the  animals  at  the  same  time.  In  the  intercellular 
lymph  spaces  and  in  the  finest  lymph  radicles  it  has  a  poor  cellular 
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content,  while  it  possesses  rich  cellular  contents  as  it  leaves  the  lymph 
glands.  These  cellular  elements  are  variously  classified  by  different 
histologists,  one  of  the  most  convenient  classifications  being  that  based 
on  their  size,  form  of  nucleus,  and  structure,  into  large  lymphocytes, 
small  lymphocytes,  polynuclear  leucocytes,  and  transitional  leucocytes. 
According  to  their  granules  and  their  staining  characters  they  are 
classified  as  eosinophiles  (or  oxyphiles),  basophiles,  and  neutrophiles. 

THE  LYMPH  y'ESSELS.  ♦ 

Looking  at  the  lymphatic  apparatus  in  a  normal  healthy  individual, 
we  find  it  to  be  made  up  of  a  system  of  tubes  or  conduits,  sometimes 
designated  the  white  blood  vessels,  beginning  as  terminal  culs-de-sac 
in  the  tissue  interspaces,  coursing  as  intricate  and  extensive  networks 
in  practically  all  tissues  excepting  muscles  bundles  (but  they  do  not 
exist  in  the  intermuscular  sheaths),  nerves,  and  blood  vessels,  and 
terminating  finally  as  two  large  lymph  vessels  known  as  the  thoracic 
duct  and  the  great  lymphatic  vein,  which  empty  into  the  blood  vas- 
cular system  near  the  junction  of  the  jugular  veins  in  the  anterior 
vena  cava. 

Within  the  lymph  vessels  are  situated  involutions  of  the  endo- 
thelial lining,  forming  valves  which  correspond  to  the  valves  of  the 
veins,  these  valves  being  much  more  numerous,  though,  than  in  the 
veins.  The  smallest  lymph  vessels,  i.  e.,  the  lymph  capillaries,  do 
not  contain  valves,  nor  are  valves  at  all  numerous  in  the  thoracic 
duct,  although  several  do  exist  at  its  juncture  with  the  veins,  these 
forming  a  contrivance  to  prevent  passage  of  blood  backward  into 
the  thoracic  duct.  But  in  all  the  vessels  of  an  intermediate  size 
the  valves  may  readily  be  seen  in  injected  preparations  as  constricted 
nodes  about  one-sixth  of  an  inch  apart. 

In  many  respects  the  lymph  vessels  simulate  the  veins  of  the  blood 
vascular  sj'stem  both  in  structure  and  fimction.  They  are,  in  fact, 
adjuncts  of  that  system. 

The  capillary  lymph  vessels  are  formed  by  a  single  layer  of  endo- 
thelial cells,  as  are  the  smallest  of  the  blood  capillaries,  and  according 
to  late  investigations  are  said  to  have  their  origin  in  closed  terminal 
culs-de-sac  instead  of  open  intercellular  lacunar  spaces. 

Aside  from  the  possession  of  valves,  the  intermediate  and  large 
lymph  vessels  are  made  up  of  three  coats,  as  are  the  veins  (an  inner 
endothelial,  a  middle  muscular,  and  an  outer  connective  tissue  envel- 
ope), and  are  said  to  divide  about  equally  with  the  veins  the  absorb- 
ent functions.  It  is. to  be  noted  that  those  lymph  channels  of  large 
size  also  possess  elastic  fibers,  these  acting  in  a  mild  degree  for  the 
impelling  of  the  lymph  onward  toward  the  blood. 

The  lymph  collected  by  the  lymphatics  from  all  parts  of  the  body 
is  finally  emptied  into  the  blood  stream  through  the  agency  of  the 
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two  large  vessels  already  mentioned — the  thoracic  duct  and  the  great 
lymphatic  vein. 

The  thoracic  duct  has  its  origin  in  a  very  irregularly  shaped  cystic 
dilation  known  as  the  reservoir  of  Pecquet,  or  the  receptaculum 
chyli,  situated  beneath  the  first  lumbar  vertebra  near  the  adrenals. 
From  this  origin  it  extends  forward  through  the  diaphragm  (in 
cattle  by  a  special  opening) ,  passing  along  the  lower  surface  of  the 
dorsal  vertebrae  and  above  the  aorta  to  the  apex  of  the  thorax,  and 
empties  into  the  anterior  vena  cava.  This  duct  receives  the  lymph 
from  all  parts  of  the  body  except  from  the  right  fore  limb  and  the 
right  half  of  the  head,  neck,  and  thorax.  The  thoracic  duct  is  some- 
times double  throughout  its  extent,  originating  in  the  one  reservoir 
and  emptying  at  the  junction  of  the  two  jugulars. 

The  great  lymphatic  vein,  or  the  right  lymphatic  vein,  is  an 
extremely  short  trunk  which  receives  the  lymph  from  the  right  side 
of  the  head,  neck,  thorax,  and  right  fore  limb  and  empties  into  the 
venous  system  at  the  junction  of  the  jugular  veins  or  anastamoses 
with  the  thoracic  duct  just  above  the  point  of  juncture  with  the 
anterior  vena  cava.  It  is  formed  by  the  efferents  of  the  prepectoral 
glands  of  the  right  side. 

THE  GLANDS. 

On  the  course  of  the  lymph  vessels  are  interpolated  adenoid 
structures  called  lymph  glands.  The  glands  are  nodular  organs, 
varying  in  size  from  almost  imperceptible  points  to  that  of  a  hen's 
egg,  and  varying  also  as  regards  the  species  of  animals.  In  form 
they  may  be  flattened,  round,  cylindrical,  or  reniform.  Usually, 
though,  they  are  more  or  less  reniform  (i.  e.,  kidney  shaped).  The 
lymph  vessels  approaching  a  gland  enter,  after  breaking  up  into 
many  branches,  in  an  oblique  direction  on  its  convex  border  and  are 
known  as  the  afferent  vessels.  These  are  the  conduits  that  convey 
the  lymph  directly  from  the  various  tissues  to  the  respective  or  cor- 
responding lymph  glands.  After  having  traversed  a  complex  laby- 
rinth of  channels  in  the  gland  and  having  its  composition  altered 
both  chemically  and  histologically,  the  lymph  leaves  the  gland  by 
the  efferent  lymph  vessels  which  have  their  origin  at  the  hilus  of 
the  gland,  situated  on  its  concave  border.  These  efferent  vessels 
either  enter  into  another  gland  or  pass  directly  to  the  receptaculum 
chyli,  the  thoracic  duct,  or  the  right  lymphatic  vein. 

An  idea  of  the  structure  of  a  gland  may  be  gotten  from  a  study  of 
the  lymph  follicles  in  the  walls  of  the  intestines,  and  then  of  a  plexus 
of  lymph  vessels,  within  the  meshes  of  which  are  placed  these  simpli- 
fied collections  of  germinating  lymphatic  cellular  elements. 

A  lymph  follicle  as  found  in  the  intestinal  mucosa  is  nothing  more 
than  a  small  roimd  aggregation  of  proliferating  lymph  cells  held  in 
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an  extremely  delicate  stroma  of  adenoid  connective  tissue  and  pene- 
trated by  a  richly  arborescent  capillary  arterial  twig  which  furnishes 
it  nutriment.  Surrounding  some  of  these  aggregations  of  lymphatic 
cellular  elements  is  an  extremely  delicate  connective  tissue  capsule 
opening  into  and  continuous  with  the  surrounding  lymph  capillaries, 
much  on  the  order  of  a  Bowman's  capsule  covering  a  Malpighian 
corpuscle  in  the  kidney. 

The  lymph  gland  might  be  considered  to  be  nothing  more  nor  less 
than  a  large  collection  of  these  simple  lymph  follicles  held  together 
by  a  connective  tissue  framework  containing  trabeculse  which  sepa- 
rate the  follicles  and  surrounded  by  a  thick 'capsule  from  which  this 
framework  takes  its  origin.  Intermixed  with  the  fibers  of  connective 
tissue  are  involuntary  muscle  fibers  in  the  lymph  glands  of  some  of 
the  lower  animals.  The  individual  follicles  of  this  compound  gland 
do  not  completely  fill  the  alveoli  formed  by  the  trabecular  frame- 
work, but  are  surrounded  in  each  instance  by  a  hollow  space  which 
corresponds  to  the  space  between  the  capsule  mentioned  above  as 
surrounding  a  solitary  follicle  and  the  follicle  itself.  In  tlie  com- 
pound lymph  gland  these  spaces  are  all  continuous  with  one  an- 
other toward  the  medullary  portion  of  the  gland.  The  follicles  of 
the  medullary  portion  are  elongated  structures  and  are  known  as  the 
medullary  cords.  The  intercommunicating  follicular  lymph  spaces 
finally  are  continuous  with  the  efferent  lymph  vessels  of  the  gland. 
For  convenience  of  description  the  structure  of  the  lymph  glands  is 
usually  described  as  being  divided  into  a  cortical  and  medullary  por- 
tion, the  only  difference  in  the  two  being  in  the  shape  of  the  lymph 
adenoid  structures,  those  in  the  cortical  portion  being  round  and 
called  cortical  follicles,  and  those  in  the  medullary  portion  being 
elongated  and  known  as  medullary  cords.  The  spaces  surroimding 
the  follicles  and  cords  are  known  as  the  lymph  sinuses,  and  it  is 
through  the  sinuses  that  the  lymph  passes  on  its  way  from  the 
afferent  to  the  efferent  lymph  canals.  It  is  while  traversing  these 
tortuous  sinuses  that  the  lymph  is  altered  in  composition.  From  a 
meat-inspection  standpoint  it  is  well  to  remember  that  foreign  and 
deleterious  matter  that  has  been  taken  up  by  the  lymph  on  its  pas- 
sage through  the  different  tissues  is  oftentimes  removed  or  destroyed 
either  by  a  process  of  filtration  or  by  chemical  counteraction.  This 
function  of  the  gland  is  very  important,  as  certain  deleterious  sub- 
stances— such,  for  instance,  as  infectious  micro-organisms  (tubercle 
bacilli  for  a  specific  example) — if  emptied  unceremoniously  by  the 
lymphatics  into  the  blood  stream  would  probably  be  distributed  over 
the  whole  organism  and  would  likely  set  up  a  generalized  infectiwi — 
a  septicemia — ^which  would  most  probably  soon  terminate  in  death. 
The  lungs,  of  course,  filter  out  many  germs  that  are  thus  emptied 
into  the  blood  streams. 
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The  bacteria  filtered  out  or  retained  temporarily  by  lymph  glands 
are  often  destroyed  and  disintegrated.  However,  such  is  not  always 
the  case,  and  bacteria  may  even  pass  through  a  lymph  gland  without 
leaving  any  trace  of  their  passage.  Many  of  the  bacteria  which  are 
retained  are  chemically  treated  and  disintegrated,  or,  not  being  de- 
stroyed, they  produce  disease  of  the  glands.  Other  substances,  such 
as  particles  of  carbon,  are  filtered  out  and  may  be  readily  seen  in  the 
bronchial  glands  of  nearly  all  old  animals.  Blood  and  other  tissue 
pigments  are  seen  in  the  glands  where  there  has  been  a  destruction 
of  these  tissues  upstream.  Parasites,  too,  are  at  times  found  in  these 
structures. 

The  lymph  as  it  leaves  tiie  gland  is  much  altered.  It  is  in  the 
gland  that  some  of  the  lymph  corpuscles,  which  play  such  an  ex- 
tremely important  part  in  the  protection  of  tiie  body  from  infections 
and  injuries,  are  added  to  it  It  is  while  thus  passing  through  tiiat 
the  lymph  acquires  its  property  of  coagulability,  i.  e.,  it  receives  its 
fibrinogenetic  qualities.  The  lymph  with  its  new  qualities  and  new 
constituents,  together  with  its  load  of  modified  waste  from  the  tis- 
sues, is  now  ready  to  be  emptied  into  the  blood  stream  to  be  passed 
along  to  the  excretory  organs. 

The  statement  that  the  lymph  glands  filter  out  and  modify  dele- 
terious matters  could  not  be  very  readily  demonstrated  by  simple 
macroscopic  means  in  a  young,  healthy  animal,  but  it  is  clearly 
exemplified  in  cases  of  infections  of  individual  organs  and  regions 
and  in  old  animals  where  pigmentation  of  these  glands  is  often 
observed.  It  is  on  such  findings  that  the  meat  inspector  is  most 
often  obliged  to  depend  for  basing  his  opinion  of  health  or  disease, 
and  for  deciding  localization  and  generalization  of  disease  and  the 
fitness  or  the  unfitness  of  meat  for  food  purposes. 

If  the  lymphatic  system  is  the  "  scavenger  of  the  body,"  if  it  pro- 
tects the  body  from  disease,  it  also  furnishes  a  route  of  entry  for 
disease,  and  in  certain  cases  acts  as  a  disseminator  of  disease.  Those 
cancerous  affections  and  infectious  diseases  of  a  malignant  character 
which  have  by  intent  or  chance  become  inoculated  into  the  body 
are  not  long  held  in  abeyance  by  the  lymph  glands,  for  the  lymph 
conduits  act  as  ways  of  transport  in  such  cases,  to  the  detriment  of 
the  whole  body. 

In  consistency  and  color  the  lymph  glands  vary  much.  In  young, 
rapidly  growing  animals  the  glands  are  quite  prominent  and  juicy; 
in  old  and  mature  animals  they  are  more  firm  and  compact.  Some- 
times in  old  milch  cows  the  lymph  glands  may  be  quite  prominent, 
but  are  usually  fibrous  in  texture.  The  splanchnic  lymph  glands  are 
softer  in  structure  than  those  in  other  parts  of  the  body,  those  of 
tiie  abdominal  digestive  organs  being  more  juicy,  especially  during 
absorption  from  the  intestines. 
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The  interior  parts  of  the  mesenteric  glands  are  usually  darker  in 
color  than  those  of  other  regions.  The  colors  that  prevail  are  white, 
light  gray,  dark  gray,  mottled  gray  and  brown,  light  brown,  and 
sometimes  red  or  even  black. 

The  red  lymph  glands  usually  represent  a  special  kind  of  gland 
known  as  hemo-lymph  glands,  the  color  being  due  to  the  presence 
of  red  blood  cells  in  the  sinuses.  These  are  quite  normal  glands,  and 
are  thought  by  some  to  be  transitional  forms,  or  forms  induced  by 
alterations  in  other  organs,  especially  the  spleen,  and  by  others  are 
supposed  to  relieve  the  spleen  of  a  part  of  its  function  in  the 
metabolism  of  the  blood.  These  small  red  glands  usually  occupy  a 
position  in  the  sublumbar  region  and  are  designated  by  Warthin  as 
"  spleenolymph  glands  "  and  "  marrowlymph  glands." 

Black  lymph  glands,  or  mottled  black  and  white,  while  not  nor- 
mal, can  not  be  said  to  be  always  really  diseased,  since  the  color 
may  be  due  to  a  mere  deposition  of  normal  pigment  or  to  carbon 
particles  which  have  no  special  significance,  at  least  from  a  meat- 
inspection  standpoint.  The  cortical  portions  of  many  lymph  glands 
are  white  or  light  gray,  while  the  medullary  portions  are  rather  dark 
in  color.  In  many  old  animals  the  lymph  glands  are  quite  fibrous 
in  texture,  and  on  section  are  of  a  yellowish-white  color. 

Although  the  routes  of  the  lymph  conduits  are  more  or  less  con- 
stant, there  may  easily  be  diversions  of  the  normal  or  usual  flow  of 
lymph,  due  to  various  causes,  the  most  important  of  these  being  the 
retrograde  movements,  due  to  blocking  of  the  lymph  channels  in 
disease,  as  in  cancerous  and  other  conditions.  Anastomoses  of  lyipph 
vessels  of  adjacent  regions  may  occur,  as  in  inflammatory  adhesions 
of  one  lobe  of  the  lung  with  an  adjacent  lobe,  or  adhesion  between 
the  visceral  and  parietal  or  the  visceral  and  mediastinal  pleura,  etc. 
All  such  points  must  constantly  be  kept  in  mind  in  order  to  render 
intelligent  judgment  in  a  seemingly  unexplainable  finding. 

THE  SUBMAXILLARY  LYMPH  GLANDS. 

The  submaxillary  lymph  glands  in  cattle  are  located  superficially 
in  the  lower  portion  of  the  inferior  maxillary  space,  between  the  inner 
aspect  of  the  inferior  maxillary  bone  and  the  submaxillary  salivary 
glands,  about  2  inches  anterior  to  the  point  where  the  lower  border 
of  the  inferior  maxillary  bone  curves  abruptly  upward  and  above  the 
anterior  attachment  of  the  sterno-maxillaris  muscle.  Usually  there  is 
but  one  node  on  each  side,  but  at  times  there  are  two  glands  lying  very 
close  to  each  other.    (See  PI.  XXX,  4,  and  fig.  27,  h,) 

In  hogs,  these  glands  lie,  covered  by  the  salivary  glands,  more  pos- 
terior than  in  cattle.    (See  fig.  28,  9.) 

Their  afferent  vessels,  chiefly  superficial,  are  derived  from  the 
mucous  membrane  of  the  anterior  nares,  the  muscles  of  the  lips. 
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Plate  XXXII. 


Lymph  Glands  in  the  Sheep. 

1,  r,  Popliteal  lymph  gland;  2,  superficial  inguinal  lymph  gland;  2',precrural  lymph  gland;  3,  internal 
iliao  lymph  gland;  4.  5,  subhimbar  lymph  glands;  5a,  renal  lymph  gland;  6,  sterao-diaphragmatlc 
lymph  gland;  7.  superior  thoracic  or  subdorsal  lymph  glands  situated  along  the  aorta;  8,  supra- 
sternal lymph  gland;  4',  9,  prescapular  lymph  gland;  10,  small  nodes  along  the  sin)€rior  face  oi  the 
trachea;  11,  superior  cervical  or  postpharyngeal  lymph  gland;  3'.  axillary  lymph  gland;  5',  parotid 
Ivmph  gland:  0',submaxillar^'  I>'mph  gland;  7'I  atlantal  or  i)reatloidian  lymph  gland.  (From 
Aureggio's  "Album  Guide.") ' 
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cheeks,  and  tissues  of  the  anterior  maxillary  space,  and  from  the 
anterior  portion  of  the  tongue.    The  efferent 
or  outgoing  lymph  vessels  pass  to  the  superior 
cervical  lymph  glands. 

In  cattle  the  head  is  often  severed  from  the 
carcass  without  removing  the  tongue  and  is  so 
inspected,  and  in  this  case  the  submaxillary 
lymph  gland  is  reached  by  making  a  longitu- 
dinal incision  just  within  the  angle  of  the  infe- 
rior maxilla  along  the  inner  border  of  the 
stemo-maxillaris  muscle,  when  it  will  be  found 
adjacent  to  the  submaxillary  salivary  gland. 
In  other  cases  the  tongue  is  removed  from  the 
head  and  hung  up  by  its  tip,  when  the  gland 
may  very  easily  be  reached  by  grasping  the 
side  of  the  base  of  the  tongue  with  one  hand 
to  draw  the  tissues  tense,  and  then  making  one 
or  more  short  transverse  incisions  to  the  inside 
of  the  stemo-maxillaris  muscle  and  directly 
opposite  to  the  arytenoid  cartilage  of  the 
larynx.  These  incisions  should  cut  directly 
through  the  submaxillary  lymph  gland,  thus 
exposing  it  for  inspection. 

In  hogs  the  method  of  reaching  these  glands 
varies  with  the  method  of  slaughtering.  In 
many  of  the  smaller  establishments  where  the 
killing  is  slow  and  the  work  of  inspection  is 
conducted  by  one  inspector  at  the  eviscerating 
bench,  it  is  the  custom  to  remove  the  liver, 
lungs,  heart,  and  tongue  without  separating 
them,  and  in  this  case  the  submaxillary  lymph 
glands  may  be  easily  removed  from  the  carcass 
with  the  tongue  if  a  good,  wide  incision  is  made 
and  then  both  sets  of  glands  may  be  readily 
located  a  short  distance  apart  embedded  in  the 
fat  on  each  side  of  the  tongue;  but  it  is  neces- 
sary to  distinguish  between  the  lymph  glands 
and  the  salivary  glands,  which  are  also  removed 
by  this  method  and  lie  adjacent  to  the  sub- 
maxillary lymph  glands.  In  the  larger  estab- 
lishments where  the  killing  is  conducted  very 
rapidly  these  glands  are  examined  on  the 
scraping  or  heading  bench,  the  head  being 
almost  severed  from  the  body  by  a  free  trans- 
verse incision  at  the  throat,  aftef  which  the 
glands  may  be  readily  found  in  the  location  previously  described  by 


FiQ.  27. — Head  of  cow, 
with  tongue  cut  out. 
a,  a',  Postpharyngeftl  or 
retropharyngeal  lymph 
glands ;  b,  submaxillary 
lymph  glands ;  c,  ton- 
sils ;  d,  posterior  nares ; 
f,  submaxillary  salivary 
gland ;  p,  styloid  process 
of  hyoid  bone.  (From 
Edelmann's  "  Meat  Hy- 
giene.") 
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making  a  longitudinal  incision  through  the  salivary  gland  and  into 
the  adjoining  submaxillary  lymph  glands,  thus  exposing  them  for 
inspection.  Some  inspectors  use  a  small  hook  with  which  the  salivary 
gland  is  drawn  outward  and  twisted  slightly,  thus  allowing  the  ad- 
joining lymph  glands  to  be  exposed  easily  and  rapidly  with  a  small 
incision.  Experience  is  necessary  to  locate  them  rapidly  and  accu- 
rately, so  as  not  to  delay  or  hinder  the  killing  operations. 

THE  PAROTID   LYMPH  GLAND. 

In  cattle  the  parotid  lymph  gland  is  located  at  the  supero-anterior 
border  of  the  parotid  salivary  gland,  being  partly  embedded  in  the 
same  and  partly  lying  on  the  masseter  muscles  about  1  inch  in  front 

of  and  a  little  lower 
than  the  external  meatus 
of  the  ear.  (See  PL 
XXX,  1.) 

In  hogs  the  parotid 
glands,  very  numerous, 
large,  and  red  in  color, 
are  arranged  in  a  chain 
along  the  anterior  border 
of  the  parotid  salivary 
gland  and  posterior  to 
the  border  of  the  inferior 
maxillary  bone.  (See 
fig.  28,  1  and  1'.)  On 
the  killing  beds  it  will 
be  noticed  that  very 
often  one  or  more  of 
them  are  left  intact  on  the 
inner  surface  of  the  jowl 
after  the  head  is  re- 
moved in  that  method 
of  slaughter  where  the  jowls  are  allowed  to  remain  attached  to  the 
carcass.  Where  the  jowls  are  removed  from  the  carcass  with  the 
head,  as  is  done  in  many  of  the  larger  slaughterhouses,  these  glands 
may  often  be  easily  seen,  as  they  are  frequently  cut  through  when 
the  head  is  severed  from  the  body,  although  in  some  cases  they  may 
be  entirely  removed  with  the  head  and  jowls,  or  in  others  they  may 
remain  in  the  carcass,  depending  entirely  whether  the  head  is  cut  off 
long  or  short. 

The  afferent  vessels,  chiefly  of  the  deep  variety  of  lymphatics, 
are  derived  from  the  anterior  and  lateral  portions  of  the  head  and 
from  the  temporal  and  parotid  regions,  the  cranial  cavity,  the  base  of 
the  cranium,  the  tongue,  the  soft  palate,  the  esophagus,  and  the  larynx. 
The  efferent  vessels  pass  to  the  superior  cervical  lymph  glands. 


Fig.  28. — ITend  of  boj?,  showing?  lymph  glands.  1.  1'. 
Parotid  Ij'mph  glands ;  2,  postpharyngeal  or  retro- 
pharyngeal lymph  glandB ;  3,  3',  superior  cervical 
lymph  glands ;  8,  submaxillary  salivary  glands ;  0, 
submaxillary  lymph  gland  on  each  side  of  the 
salivary  gland  in  the  intermaxillary  space. 
(From  Aureggio's  "Album  Guide.") 
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THE  POSTPHARYNGEAL  LYMPH  GLANDS. 

The  postpharyngeal  or  retropharyngeal  lymph  glands  are  located 
in  cattle  at  the  base  of  the  cranium  just  superior  to  the  pharynx, 
lying  close  on  either  side  of  the  median  line  between  the  branches  of 
the  hyoid  bone.  (See  PI.  XXX,  3,  and  fig.  27,  a  and  a'.)  These 
glands  consist  of  two  quite  large  nodes,  one  on  each  side. 

In  hogs  they  are  usually  quite  small  and  are  situated  more  pos- 
terior than  in  cattle,  on  the  lateral  plane  of  the  larynx  and  the 
pharynx  at  about  the  lower  end  of  the  styloid  process  of  the  occipital 
bone.    (See  fig.  28,  2,  and  PI.  XXXI,  24.) 

They  receive  lymph  radicles  from  the  posterior^ nares,  the  cranial 
cavity,  the  posterior  portion  of  the  oral  cavity,  the  tonsillar  region, 
and  the  pharynx^  also  from  the  other  lymph  glands  of  the  head. 
The  tonsils,  in  cattle  at  least,  have  four  or  five  large  ducts  that 
empty  directly  into  the  postpharjmgeal  glands. 

The  efferent  lymph  vessels  pass  to  the  other  superior  cervical 
glands  that  lie  above  the  pharynx  but  ^pore  posterior  and  external 
to  the  hyoid  bone — the  parapharyngeal  glands — after  which  they 
pass  down  along  the  trachea  following  the  carotid  artery  to  the  mid- 
dle cervical  glands. 

It  will  readily  be  seen  how  very  important  these  glands  are,  from 
a  meat-inspection  standpoint,  as  they  receive  most  of  the  efferent 
lymph  radicles  of  the  entrance  to  both  the  digestive  and  the  respira- 
tory tracts.  Indeed,  it  is  a  matter  of  fact  that  these  glands  are 
often  the  very  first  to  show  tubercular  infection.  And,  too,  those 
animals  affected  with  actinomycosis  that  have  the  postpharyngeal 
glands  involved  usually  show  nodules  of  actinomycotic  growth  in 
the  lungs.  This  would  appear  to  indicate  that  the  lymphatics  are 
not  always  a  protective  factor  in  disease,  but  in  this  case  their  effer- 
ents  possibly  furnish  a  route  by  which  this  disease  soon  gains  entrance 
to  the  blood  and  is  filtered  out  in  the  lungs. 

These  glands  may  be  exposed  in  cattle  as  follows :  AMiere  they  are 
examined  in  the  head  after  its  removal  from  the  carcass,  but  before 
the  tongue  is  cut  out,  draw  the  larynx  downward  with  the  hand  (or 
upward  and  forward  when  the  head  is  lying  face  downward,  as  is 
ordinarily  the  case),  then  make  a  free  transverse  incision  near  the 
base  of  the  cranium,  which  will  reveal  the  glands  lying  on  the 
supero-posterior  surface  of  the  pharynx.  If  the  tongue  has  been 
cut  out  and  hung  up  by  its  tip,  it  is  a  very  simple  matter  to  examine 
the  glands  as  they  are  exposed  to  view  on  the  wall  of  the  pharynx 
at  the  superior  part  of  the  base  of  the  tongue.  When  the  pharynx 
is  not  opened  up  longitudinally  they  lie  almost  adjoining  each  other 
in  the  median  line,  whereas  if  it  is  opened,  as  it  should  be,  to  clean  it 
of  particles  of  food,  mucus,  etc.,  the  glands  will  drop  somewhat — 
one  to  each  side — ^but  hanging  in  full  view  at  the  level  of  the  anterior 
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border  of  the  arytenoid  cartilage.  This  position  will  of  course  vary 
somewhat  when  the  tongue  is  hung  up  by  its  base,  as  is  sometimes 
done. 

In  hogs  the  method  of  locating  these  glands  is  similar  to  that  de- 
scribed for  the  submaxillary  glands,  the  only  difference  being  the 
slight  difference  in  location,  the  postpharyngeal  being  located  in  a 
mass  of  fat  at  each  side  of  the  larynx  and  pharynx,  and  not  so  large 
or  prominent  as  the  submaxillary  glands. 

THE  CERVICAL  LYMPH  GLANDS. 

The  term  "  cervical  lymph  glands,"  as  used  in  the  meat-inspection 
regulations  and  reports  of  the  Bureau  of  Animal  Industry,  includes 
the  submaxillary,  the  superior  cervical,  the  postpharyngeal,  the  para- 
pharyngeal, and  the  parotid  lymph  glands.  These  are  very  impor- 
tant to  the  inspector,  and  it  is  necessary  to  examine  them  carefully. 
In  hogs  especially  the  cervical  lymph  glands  frequently  present  the 
first  and  often  the  only  lesions  of  tuberculosis  found  in  the  entire 
carcase 

When  tuberculous  lesions  are  found  in  any  of  the  cervical  lymph 
glands  in  a  carcass  that  is  to  be  passed  for  food  or  lard,  the  head 
and  tongue  should  be  condemned  and  tanked^  or  may  be  passed  for 
lard,  depending  upon  the  extent  and  severity  of  the  legions,  but  if 
passed  for  lard  all  the  cervical  lymph  glands  should  be  carefully 
trimmed  out,  and  in  either  case  all  of  the  lymph  glands  of  the  neck 
region,  including  the  prepectoral,  the  prescapular,  the  middle  cervical, 
and  the  deep  or  supplementary  cervical  glands,  should  be  thoroughly 
trimmed  out  and  tanked. 

THE  SUPERIOR  CERVICAL  LYMPH   GLANDS    (aTLANTAL,   PARAPHARYNGEAL, 
AND  ANTERIOR  CERVICALS) . 

These  glands  are  located  in  cattle  at  the  extreme  superior  end  of 
the  submaxillary  salivary  gland,  just  under  the  styloid  process  of  the 
occipital  bone,  and  bordering  the  lateral  aspect  of  the  occipito-atloid 
articulation  just  above  the  pharynx.  They  consist  of  a  small  group, 
two  or  three  in  number.     (See  PI.  XXX,  2,  and  PL  XXXII,  7'.) 

The  superior  cervical  glands  in  hogs  are  very  important  ones 
to  examine  for  tubercular  infection.  See  also  the  middle  cervicals, 
which  are  continuous  with  these  in  the  hog.  (See  PL  XXXI,  23,  and 
fig.  28,  3  and  3'.) 

They  receive  afferent  vessels  from  the  immediate  surrounding  tis- 
sues, and  the  efferent  branches  from  the  three  preceding  glands. 
Their  efferents  pass,  accompanying  the  large  blood  vessels  lying  be- 
side the  trachea,  to  the  inferior  cervical  glands,  at  times  directly,  at 
times  through  one  of  the  small  glands,  interposed  on  their  course, 
known  as  the  middle  cervicals. 
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THE  MIDDLE  CERVICAL  LYMPH  GLANDS. 

These  are  small  glands,  several  on  each  side,  against  the  wall  of  the 
trachea  and  esophagus,  just  a  little  lower  than  the  thyroid  gland. 
(See  PL  XXX,  5.)  Large  nodes  are  never  present  except  occasion- 
ally in  the  sheep.  It  will  be  found  that  the  efferent  lymph  vessels 
of  the  superior  cervical  glands  pass  through  the  nodes  that  may  be 
present.  These  glands  receive  afferent  radicles  from  the  esophagus 
and  the  trachea.  Their  efferents  pass  directly  to  the  prepectoral 
lymph  glands.  In  hogs  these  glands  are  continuous  with  the  superior 
cervical  chain  which  extends  upward  to  the  occipital  bone.  (See  PL 
XXXI,  23.)    In  cattle  they  are  often  absent 


Fia.  29. — Left  fore  quarter  of  heifer,  with  exposed  prescapular 
lymph  gland  a,  a.  Cervical  trapezius  muscle ;  6,  h',  omo- 
transvpFHarlus  muscle  ;  r,  c',  c",  brachiocephalic  muscle  ;  /,  pre- 
scapular lymph  gland.      (From  Edelmann's  "Meat  Hygiene.*') 


THE    PKESCAPULAR    OR    SUPERFICIAL    CERVICAL    LYMPH    GLANDS. 

These  glands  are  located  a  little  above  and  inward  from  the  shoul- 
der joint,  embedded  in  a  cushion  of  fat  and  covered  by  the  mastoido- 
humeralis  muscle.  This  gland  in  cattle  consists  of  an  elongated 
voluminous  glandular  node  (see  PI.  XXX,  6,  and  fig.  29, 1) ;  in  hogs, 
a  more  or  less  completely  fused  chain.  They  play  an  important  part 
in  deciding  the  question  of  generalization  of  disease — in  tubercu- 
losis, for  example — as  the  afferents  are  all  derived  from  centripetal 
lymph  ducts,  i.  e.,  from  ducts  that  are  not  connected  with  any  other 
lymph  area.  In  other  words,  this  lymph  area  is  an  isolated  area,  so 
that  any  secondary  infection  coming  in  it  must  first  be  brought  to 
this  area  through  the  medium  of  the  blood  vessels.  Perhaps  inflam- 
matory conditions  which  would  cause  anastomoses  with  the  lymph 
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vessels  of  an  adjoining  region  might  take  place.  In  this  manner 
pleural  lymph  radicles  could  become  fused  with  deep-lying  lymph 
vessels  on  the  pectoral  wall,  and  these  in  turn  pass  over  the  shoulder 
to  the  prescapular  glands.  It  would  seem  that  such  a  roundabout 
course  would  almost  never  take  place.  Of  course  disease  of  these 
glands  without  other  centers  of  infection  would  point  to  a  primary 
local  infection. 

The  afferent  radicles  are  derived  from  the  superficial  parts  of  the 
shoulder,  the  upper  and  lower  leg,  the  posterior  portion  of  the  lateral 
pectoral  wall  (the  vessel  in  this  latter  case  passing  to  these  glands 
across  the  muscles  of  the  shoulder) ,  from  the  superficial  parts  of  the 
base  of  the  neck,  and  from  part  of  the  inner  face  of  the  scapular 
region. 

The  efferent  vessels  pass  to  the  prepectoral  lymph  glands,  i.  e.,  the 
inferior  cervicals. 

The  glands  may  usually  be  felt  in  live  cattle  by  pressing  the  hand 
forcibly  in  the  hollow  of  the  shoulder,  about  in  front  of  the  neck  of 
the  scapula.  In  a  side  of  beef  in  the  hanging  position  a  small  cut 
parallel  to  the  muscle  fibers  along  the  superior  border  of  the  mas- 
toido-humeralis  muscle,  3  inches  in  length,  just  inward  from  the 
shoulder  joint,  will  be  sufficient  for  the  inspector  to  reach  in  and 
secure  the  gland  for  examination.  The  muscle  can  then  be  laid 
back  in  place,  flattened  out  with  the' hand,  and  held  there  with  a 
skewer,  so  that  when  the  carcass  cools  it  will  be  scarcely  possible  to 
notice  any  sign  of  the  muscle  having  been  disturbed.  It  may  also  be 
reached  for  examination  from  the  inner  surface  of  the  split  beef  car- 
cass by  making  a  longitudinal  incision  through  the  neck  muscles  in 
the  jugular  gutter  just  anterior  to  the  scapulo^humeral  articulation. 
This  method  is  preferred  by  many  inspectors. 

In  hogs  it  is  easiest  reached  from  the  internal  or  split  surfade  of  the 
carcass  by  making  a  transverse  cut  just  in  front  of  the  shoulder  joint 
from  the  nape  of  the  neck  to  the  trachea  some  distance  anterior  to  the 
first  rib,  and  the  lymph  gland  will  be  found  to  occupy  a  place  about 
in  the  middle  of  the  incision. 

It  is  also  quite  impoilant  to  examine  these  glands  in  sheep  to 
detect  diseases  such  as  caseous  lymphadenitis.  In  sheep  the  glands 
are  located  as  in  cattle.     (See  PI.  XXXII,  9.) 

This  gland,  like  the  other  bond  glands,  is,  as  a  rule,  only  exam- 
ined in  the  final  examination  of  retained  carcasses,  as  to  expose  them 
mutilates  the  carcass  more  or  less. 

THE  DEEP  CERVICALS  OR  SUPPLEMENTARY  CERVICAL  LYMPH  GLANDS. 

These  glands  are  located,  in  hogs,  above  the  superficial  cervical 
glands  beneath  the  angular  muscle  of  the  scapula,  external  to  the 
lower  part  of  the  second  cervical  vertebra,  embedded  in  a  mass  of  fat 
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The  afferent  vessels  are  from  the  deep  muscular  layers  of  the  base 
of  the  neck.  The  efferent  vessels  pass  to  the  superficial  cervical  or 
prescapular  gland. 

In  cattle  this  gland  does  not  exist. 

This  gland  can  be  reached  in  the  hog  after  the  carcass  has  been 
split  by  cutting  through  the  neck  muscles  inferior  to  the  first  and 
second  cervical  vertebr«.  To  reach  the  gland  in  this  manner  muti- 
lates the  neck  somewhat  and  occasionally  the  shoulder  to  a  slight 
extent  A  still  better  way — as  it  causes  very  little  mutilation — is, 
in  the  hanging,  split  decapitated  carca^  to  make  a  free  upward 
incision  between  the  neck  muscles  covering  the  first  and  second  cer- 
vical vertebrae  and  the  layer  of  superficial  fat,  when  the  gland  can 
be  readily  reached  in  a  cushion  of  fat  somewhat  anterior  to  the 
scapula  and  torn  loose  and  brought  out  for  examination. 

This  gland  is  considered  in  the  work  of  the  Bureau  of  Animal 
Industry  as  a  portion  of  the  prescapular  glands  and  should  be  so 
named  in  making  out  reports. 

In  the  superficial  parts  of  the  base  of  the  neck  and  shoulder  there 
are  also  several  other  very  small  lymph  nodes. 

THE  AXILLARY  OR  BRACHIAL  LYMPH  GLANDS. 

These  glands  are  located  in  cattle  on  the  inner  aspect  of  the  inter- 
nal scapular  muscles,  posterior  to  the  shoulder  joint,  in  the  midst  of 
the  brachial  vessels  and  nerves  where  these  emerge  from  the  thorax 
and  enter  the  leg.  They  are  variable  in  number  and  usually  are 
smaller  and  more  flattened  than  any  of  the  glands  so  far  described. 

The  axillary  lymph  glands  are  most  often  missing  in  swine,  and 
the  lymph  of  this  region  empties  into  the  median  or  inferior  cervicals. 

The  gland  is  accessible  only  from  the  external  surface  after  remov- 
ing the  scapula,  which  is  ordinarily  impracticable  in  a  food  carcass, 
but  may  be  easily  reached  in  cattle  from  the  inner  surface  of  the  split 
carcass,  as  it  lies  just  external  to  the  first  or  second  rib  (usually  the 
latter)  at  about  midway  between  its  two  extremities;  and  by  cutting 
through  the  muscles  along  the  anterior  border  of  the  first  rib  near 
its  center  the  gland  may  be  readily  located  embedded  in  a  cushion  of 
fat  external  to  the  first  or  second  rib.  This  gland  is  not  examined 
in  the  ordinary  post-mortem  meat  inspection. 

They  receive  their  afferent  rootlets  from  the  middle  and  inner 
scapular  region,  from  the  lower  arm,  forearm,  and  foot,  and  from 
the  thoracic  walls.  Their  efferent  vessels  pass  to  the  prepectoral  or 
inferior  cervical  glands. 

THE  PREPECTORAL  OR  INFERIOR  CERVICAL  LYMPH  GLANDS. 

In  cattle  and  hogs  these  glands  are  located  at  the  entrance  to  the 
thorax  on  and  between  the  lower  anterior  borders  of  the  two  first 
ribs  laterally  and  inferior  to  the  trachea  and  esophagus,  extending 
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into  the  fore  part  of  the  anterior  mediastinum,  usually  embedded  in 
fat  that  also  acts  as  a  cushion  for  the  large  veins  and  arteries  at  this 
location.     (See  PL  XXX,  7,  8,  9;  PL  XXXI,  21,  and  fig.  30,  6.) 

These  are  veiy  important  glands  to  examine,  as  they  are  the 
terminal  glands  through  which  all  the  lymph  from  the  head,  neck, 

and  fore  extremities 
passes  on  its  way 
to  the  thoracic  duct 
and  the  right  lymph 
vein.  They  also  re- 
ceive the  efferents 
of  the  suprasternal 
lymph  glands  o  n 
their  passage  to  the 
thoracic  duct  and 
from  several  small 
lymph  nodes  in  the 
anterior  mediastinal 
space.  They  bear  the 
same  relation  to  the 
anterior  portion  of 
the  body  as  do  the 
subhimbar  glands 
to  the  vessels  of  the 
posterior  regions. 
The  efferents  of  the 
prepectoral  glands 
on  the  right  side 
empty  into  the  great 
lymphatic  vein,  and 
on  the  left  side  into 
the  thoracic  duct  or 
occasionally  into  the 
anterior  vena  cava. 
These  glands  are 
frequently  found  to 
be  affected  with  tu- 
berculosis, so-  occa- 
sionally lesions  of  that  disease  may  be  thus  detected  even  after  the 
viscera  have  been  removed  and  disposed  of. 

These  glands,  or  at  least  a  portion  of  them  which  always  remain 
in  the  hanging  split  carcass  of  beef,  may  be  easily  reached  by  insert- 
ing the  knife  into  the  cut  end  of  the  large  venous  trunk  above  re- 
ferred to  and  making  a  downward  longitudinal  incision  parallel  to 
the  fibers  of  the  long  muscles  of  the  neck,  where  the  gland  may  be 
readilv  found  embedded  a  short  distance  in  the  f attv  cushion. 


Fia.  30. — Portion  of  left  thoracic  wall  of  heifer.  A,  Inter- 
nal thoracic  artery :  V.  internal  thoracic  vein  ;  M,  tri- 
angular muscle  of  the  sternum  cut  through  ;  a,  Inferior 
thoracic  lymph  glands ;  a',  anterior  mediastinal  lymph 
glands ;  h.  Inferior  cervical  or  prepectoral  lymph  glands. 
(From  Edelmann's  "  Meat  Hj'giene.") 
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Proceeding  somewhat  in  the  order  of  examination  of  the  carcass 
as  it  is  conducted  at  the  time  of  evisceration,  or  following  the  plan 
of  inspection  by  passing  from  terminal  to  central  lymph  structures 
as  the  lymph  flows,  we  have  the  following  glands : 

THE  POPLITEAL  LYMPH  GLANDS. 

The  popliteal  lymph  glands  are  located  deep  in  the  muscles  behind 
the  knee  joint  on  the  gastrocnemius  between  the  semitendinosus  and 
biceps  femoris  muscles  at  about  the  point  of  bifurcation  of  the  gas- 
trocnemius.    (See  PL  XXX,  20,  and  PL  XXXII,  1,  1'.) 

In  hbgs  the  popliteals  are  absent  in  some  instances,  but  there  exists 
always  a  very  small  gland  in  the  subcutaneous  tissues  3  or  4  inches 
above  the  hock.     (See  PL  XXXI,  1,  2.) 

The  popliteal  gland  is  not  examined  ordinarily,  this  not  being  con- 
sidered necessary  except  in  special  cases,  as  it  mutilates  the  carcass 
considerably  to  expose  it.  To  reach  it  in  the  hanging  cattle  carcass, 
make  an  incision  on  the  posterior  part  of  the  thigh,  parallel  to  the 
muscle  fibers,  between  the  biceps  femoris  and  the  semitendinosus 
muscles,  on  a  line  from  the  point  of  the  ischium  to  the  point  of  the 
OS  calcis,  at  the  intersection  of  a  horizontal  line  drawn  backward  from 
the  center  of  the  patella.  The  fingers  may  then  be  thrust  in  between 
the  muscles  to  the  cushion  of  fat  between  the  heads  of  the  gas- 
trocnemius, where  the  gland  may  be  readily  located. 

The  afferent  vessels  are  from  the  lower  portion  of  the  hind  leg. 
The  efferent  vessels  follow  the  sciatic  nerve,  pass  upward  to  a  lymph 
gland  (the  ischial)  lying  on  the  outer  portion  of  the  ischium  in  the 
middle  of  the  lesser  ischiatic  notch,  thence  to  the  posterior  sublumbar 
gland.  At  times  they  pass  by  this  gland  without  entering  it  and  pass 
directly  to  the  sacral  or  sublumbars  or  the  internal  iliacs. 

THE  ISCHIAL  LYMPH  GLANDS. 

These  glands  are  located  on  the  deepest  and  outer  part  of  the  lesser 
ischiatic  notch,  adjacent  to  the  external  surface  of  the  bone,  covered 
by  the  broad  ligament  of  the  pelvis,  on  the  ventral  border  of  the 
coccygeal  muscle.    (See  PL  XXXI,  7.) 

The  afferent  vessels  are  derived  from  the  surrounding  region  and 
from  the  efferent  branches  of  the  popliteal  glands.  Sometimes  the 
efferents  of  the  popliteals  pass  quite  near  to  this  gland  without  enter- 
ing it. 

The  efferent  vessels  of  this  gland  pass  to  the  sacral  -and  sublumbar 
glands. 

THE  PRECRURAL,  KNEEFOLD,  OR  EXTERNAL  SUBILIAC  LYMPH 

GLAND. 

This  gland  forms  a  voluminous  mass  located  in  the  loose  cellular 
tissue  of  the  flank  just  above  and  inward  from  the  femero- tibial 
articulation  on  the  anterior  border  of  the  tensor  fascia  lata  muscle.J 
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(See  PI.  XXXI,  10,  and  fig.  31,  I.)     In  animals  in  good  condition 

it  is  embedded  in  a 
mass  of  fat.  *It  is 
one  of  the  most  ac- 
cessible glands  in 
the  dressed  carcass, 
and  is  quite  as  im- 
portant from  the 
meat- inspection 
standpoint  %  as  is 
the  prescapular 
gland  in  the  fore 
quarters.  In  sheep 
this  gland  is  very 
often  affected  with 
disease,  and  it  is 
quite  important  to 
keep  this  in  mind 
at  the  time  of  in- 
spection. (See  PL 
XXXII,  2'.) 

The  afferent 
lymph  ducts  are 
derived  in  part 
from  the  lateral 
abdominal  wall,  in 
part  from  the  su- 
perficial aspect  of 
the  thigh,  and 
from  the  outer  and 
superior  portions 
of  the  hind  ex- 
tremities, also  from 
the  large  crural 
muscles.  The  ef- 
ferents  pass  up- 
ward several  inches 
along  the  fascia 
lata  muscles,  pass 
through  the  ab- 
dominal wall,  and 
enter  the  circum- 
flex     iliac     lymph 

Fig.  31.— Left  hindqunrter  of  steer,  external  view,     c,  Popll-  glands    by    Several 

teal  lymph  gland;  l,  precrural   lymph  gland;  6,  &',  bleeps  l„«jyp    vpcjqpU 

femorl8  muscle;  c,  semimembranosus  muscle.      (FYom  Edel-  ^**^&*^    ve&&ei». 
mann*s  **  Meat  Hygiene.") 


gland    can    be    readily    fouild    with    the    leasts 
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carcass  by  making  a  free  incision  through  the  inner  abdom- 
inal wall  nearly  perpendicular  to  the  vertebral  column  and  in 
front  of  and  above  the  femero-tibial  articulation.  In  cattle  it  is 
easiest  reached  from  the  ex- 
ternal surface  of  the  carcass 
in  the  region  known  to  the 
butcher  as  the  "  fel,"  by  cut- 
ting down  somewhat  more 
deeply  than  is  ordinarily  done 
by  the  butcher  in  dressing  a 
beef  carcass,  or  by  making  a 
longitudinal  incision  into  the 
"  fel  "  along  the  anterior  bor- 
der of  the  tensor  fascia  lata. 

FLANK  LYMPH  GLANDS. 

In  cattle  in  the  region  of  the 
flank  there  are  also  often  a 
small  number  of  small  subcu- 
taneously  located  glands  which 
receive  lymph  from  the  sur- 
rounding superficial  region. 
Their  efferents  pass  to  the 
precrurals  or  to  the  circumflex 
iliacs,  which  are  quite  near  but 
on  the  other  side  of  the  ab- 
dominal wall. 

THE    SUPERFICIAL    INGUINAL 
AND    SUPRAMAMMARY 
LYMPH   GLANDS. 

The  superficial  inguinal 
lymph  glands  are  located  in 
male  animals  at  the  neck  of 
the  scrotum  beside  the  penis 
in  front  of  the  inguinal  ring; 
in  castrated  males  they  are 
embedded  in  the  scrotal  fat 
(cod  fat).  (See  fig.  32,  a,) 
In  cows  these  glands  are  situ- 
ated bilaterally  at  the  postero- 
superior  part  of  the  mammary  gland  and  are  known  as  the  supra- 
mammary  lymph  glands.  (See  PI.  XXX,  21.)  In  hogs  the  supra- 
mammary  lymph  glands  are  located  relatively  as  in  cattle,  there 
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Fig.  32.— Left  hfndquarter  of  bull,  Internal 
view,  a.  Superficial  inpuinal  lymph  glands ; 
5,  anal  lymph  gland  ;  c.  Internal  lilac  lymph 
glands ;  rf,  sacral  lymph  glands ;  e,  sublumbar 
lymph  gl;inds;  f,  renal  lymph  glands.  (From 
Edelmann's  **  Meat  Ilygiene.'*) 
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being  one  or  more  nodes  on  each  side  situated  posterior  to  the  last 
segment  of  the  compound  mammary  glands.  (See  PL  XXXI,  5.) 
Occasionally  aU  or  a  portion  of  them  are  removed  when  the  hams 
are  "  faced  "  on  the  killing  beds,  although  usually  they  remain  and 
are  found,  in  the  hanging  carcass,  embedded  in  fat  on  a  line  drawn 
laterally  from  the  anterior  border  of  the  pubi:^. 

The  afferent  vessels  are  received  from  the  posterior  abdominal 
wall,  the  thigh,  and  the  external  genitals  in  the  male,  and  from  the 
posterior  abdominal  wall,  the  thigh,  and  the  mammary  gland  in  the 
female.  The  lymphatics  of  the  mammse  are  very  rich  and  their 
lymph  glands  are  among  the  largest  of  the  whole  body. 

The  efferent  vessels  pass  to  the  small  deep  inguinal  glands  located 
in  the  inguinal  canal  and  to  the  internal  iliac  lymph  gland. 

The  supramammary  lymph  glands  are  of  the  utmost  importance 
as  indicating  the  state  of  health  or  disease  of  the  mammary  gland, 
and  on  post-mortem  inspection  of  a  food  animal  they  should  be 
closely  examined,  as  primary  disease  of  the  udder  is  of  conunon  occur- 
rence in  hogs,  cattle,  and  sheep,  but  especially  in  cattle.  (See  PL 
XXXII,  2.) 

the  internal  or  deep  inguinal  lymph  glands. 

These  glands  are  often  absent  but  are  located  occasionally  in  food- 
producing  animals  at  the  site  of  the  entrance  of  the  inguinal  vessels 
into  the  abdominal  cavity  on  the  upper  border  of  the  inguinal  canal. 
They  are  very  small  and  insignificant  so  far  as  meat  inspection  is  con- 
cerned, but  their  presence  has  been  demonstrated  in  young  animals  by 
injection  with  quicksilver.  They  receive  some  of  the  efferent  branches 
of  the  superficial  inguinals.  Their  efferent  vessels  pass  to  the  sub- 
lumbar  glands  or  direct  to  the  receptaculum  chyli. 

The  deep  inguinals  in  the  horse  lie  at  the  superior  entrance  of 
the  inguinal  canal  surrounding  the  femoral  vessels,  and  receive 
lymph  from  the  posterior  limb  and  superficial  inguinal  glands,  while 
their  efferents  pass  to  the  internal  iliac  glands  or  direct  to  the  recep- 
taculum chyli. 

THE  sacral  lymph  GLANDS. 

Located  along  the  inferior  face  of  the  sacrum,  near  its  lateral 
border,  these  glands  are  very  small  and  correspond  in  position  to  the 
glands  lying  along  the  spinal  column  in  the  dorsal  and  lumbar  region. 
(See  PL  XXXI,  9,  and  fig.  32,  d,)  They  receive  their  efferents 
from  the  coccygeal  region,  postero-superior  sacral  region,  and  rectum. 
Their  efferents  pass  to  the  sublumbar  glands.  Along  the  superior 
surface  of  the  rectum  are  numerous  small  glands  whose  efferents 
pass  to  the  sacrals  or  sublumbar  glands. 
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THE  EXTERNAL  ILIAC  OR  CIRCUMFLEX  ILIAC  LYMPH  GLANDS. 

These  glands  are  located  in  the  angle  of  bifurcation  of  the  deep 
circumflex  iliac  arteries,  near  the  inferior  border  of  the  external  angle 
of  the  ilium  and  bordering  the  iliac  psoas  and  external  border  of  the 
great  psoas  muscles.     (See  PL  XXX,  18.) 

Their  afferent  vessels  are  derived  from  the  postero-internal  walls 
of  the  abdomen,  the  efferent  vessels  of  the  precrural  lymph  glands 
and  branches  from  the  lateral  surface  of  the  upper  part  of  the  thigh. 
Their  efferent  vessels  pass  to  the  sublumbar  lymph  glands  and 
through  these  to  the  receptaculum  chyli. 

In  cattle  this  is  a  single  gland  about  the  size  of  a  hickory  nut  and 
can  only  be  reached  after  considerable  mutilation  of  the  carcass ;  con- 
sequently it  is  not  ordinarily  examined. 

THE  INTERNAL  ILIAC  LYMPH  GLANDS. 

In  cattle  this  is  a  large  heart-shaped  gland  2  or  more  inches  in 
diameter,  located  at  about  the  upper  third  of  the  pelvic  arch  in  the 
obtuse  angle  formed  by  the  external  iliac  artery  and  the  abdominal 
aorta.  (See  PL  XXX,  19,  and  fig.  32,  c.)  In  hogs  there  are  several 
glands  at  this  location  which  appear  continuous  with  the  sublum- 
bars.     (See  PL  XXXI,  8,  11.) 

The  afferent  vessels  are  derived  from  the  precrural  lymph  glands, 
the  superficial  inguinal  glands,  the  walls  of  the  posterior  abdominal 
and  pelvic  cavities,  and  from  the  rectum,  internal  genital  organs, 
urinary  bladder,  pelvis,  and  sacrum.  The  efferent  vessels  pass,  some 
to  the  sublumbar  glands  and  some  direct  to  the  receptaculum  chyli. 

In  a  hanging  beef  carcass  this  gland  may  be  easily  felt  by  placing 
the  hand  on  the  inner  face  of  the  ilium  at  about  the  upper  third  of 
the  border  of  the  pelvic  arch. 

THE  ANAL  LYMPH  GLANDS. 

These  are  very  small  glands,  located  in  the  fatty  tissue  on  the 
floor  of  the  pelvis  laterally  from  the  anus.  (See  PL  XXXI,  3,  and 
fig.  32,  &.)  The  afferent  vessels  are  derived  from  the  anal  region, 
the  root  of  the  tail,  and  surrounding  tissues.  The  efferent  vessels 
pass  to  the  sacral  and  sublumbar  lymph  glands. 

THE  SUBLUMBAR  LYMPH  GLANDS. 

These  glands  are  located  in  the  sublumbar  region  along  either  side 
of  the  abdominal  aorta  and  are  usually  embedded  in  the  fatty 
cushion  bordering  the  large  blood  vessels  of  the  sublumbar  region. 
(See  PL  XXX,  17;  PL  XXXII,  4,  5;  PL  XXXI,  11, 13;  fig.  32,  e.) 
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The  afferent  lymph  radicles  penetrate  the  lumbar  muscular  masses 
and  the  postero-superior  abdominal  walls.  These  glands  also  receive 
fhe  lymph  from  nearly  all  the  glands  lying  posterior  to  them,  i.  e., 
the  internal  iliac,  circumflex  iliac,  and  sacral  glands,  and  from  the 
internal  sexual  organs,  lumbar  vertebra?,  and  urinary  apparatus.  It 
will  thus  be  seen  that  these  are  important  glands,  as  they  receive 
lymph  from  all  of  the  lymphatic  vessels  of  the  posterior  limb,  pelvis, 
abdominal  walls,  and  the  inguinal  region. 

The  efferent  vessels  pass  to  the  receptaculum  chyli  lying  just  be- 
neath the  kidneys  amid  the  suspensory  ligaments  of  the  abdominal 
visceral  organs. 

the  renal  lymph  glands. 

The  renal  lymph  glands  are  located  in  cattle  in  the  fatty  tissue  in 
the  hilus  of  the  kidney  on  the  course  of  the  renal  artery.  (See  PI. 
XXX.)  In  swine  tliey  are  located  on  either  side  of  the  renal 
artery  where  it  branches  off  from  the  aorta.  These  glands  consist  of 
several  small  nodes,  usually  a  node  anterior  and  two  posterior  to  the 
renal  artery  and  not  far  from  the  hilus  of  the  kidney.  The  afferent 
vessels  are  derived  from  the  kidneys.  The  efferent  vessels  pass 
directly  into  the  receptaculum  chyli,  which  lies  immediately  adjacent 
to  these  glands. 

the  gastric  lymph  glands. 

The  gastric  lymph  glands  are  located  in  cattle  in  the  folds  and 
fissures  of  the  divisions  of  the  compound  stomach,  especially  between 
the  second  and  the  fourth  or  true  stomach,  and  on  the  course  of  the 
gastric  blood  vessels.  In  cattle  they  are  sometimes  called  the  glands 
of  the  paunch.  There  are  also  on  the  great  curvature  of  the  fourth 
stomach  a  number  of  small  nodes. 

In  swine  the  gastric  glands  are  large  and  three  or  four  in  number. 
They  are  located  in  the  lesser  curvature  of  the  stomach  and  covered 
by  the  pancreas.     (See  fig.  33,  ?.) 

The  afferents  are  derived  from  the  superficial  parts  of  the  walls  of 
the  stomach  and  from  the  submucosa  of  the  stomach.  The  efferent 
conduits  pass  upward  through  the  gastric  omentum  into  the  recep- 
taculum chyli.  A  small  lymph  area  on  the  fundus  of  the  stomach 
of  the  hog  passes  up  through  the  gastro-splenic  ligament  to  the 
splenic  lymph  gland  lying  in  the  hilus  of  the  spleen. 

THE  mesenteric  LYMPH  GLANDS. 

The  mesenteric  lymph  glands  are  located  in  cattle  in  the  "  ruffle 
fat,"  along  the  lesser  curvature  of  the  intestines  in  the  folds  of  the 
mesentery,  and  consist  of  a  continuous  chain  of  glands  from  the 
abomasum  to  the  cecum.  (See  fig.  35,  m.)  These  glands  are  cylin- 
drical segments  and  vary  in  size  and  consistence  according  to  the 
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stage  of  digestion,  being  more  voluminous  and  containing  a  greater 
fluid  content  immediately  after  or  during  the  digestive  period. 

This  chain  of  glands  in  swine  is  very  similar  to  those  in  cattle, 
except  that  the  glands  are  much  farther  removed  from  the  intestines, 
being  about  in  the  middle  of  the  mesentery.     (See  fig.  36,  g.) 

In  sheep  the  mesenteric  glands  are  disposed  as  in  cattle,  but  in- 
stead of  there  being  many  interrupted  nodes  they  are  long,  cylin- 
drical structures  as  if  the  glands  were  fused  into  one  long,  continu- 
ous mass. 


Fio.  33. — Stomach  and  portion  of  intestinal  canal  of  hog.  a,  Pyloric  portion  of  stomach ; 
ft,  duodennra ;  c.  Jejunum  ;  d,  cecum  ;  r,  colon  ;  /,  rectum ;  r/,  pancreas ;  h,  foramen  of 
WInslow;  i,  portal  vein;  k,  hepatic  lymph  glands;  I,  gastric  lymph  glands.  (From 
Edelmann's  "  Meat  Hygiene.") 

The  examination  of  these  glands  is  very  important  in  the  detection 
of  tuberculosis,  as  one  or  all  of  them  frequently  present  lesions  of 
this  disease,  and  in  quite  a  number  of  cases,  especially  in  hogs,  they 
are  affected  when  no  other  lesions  of  the  disease  can  be  found  in 
the  carcass.  An  experienced  inspector  can  cut  into  and  lay  open 
for  examination  a  considerable  number  of  these  mesenteric  glands  in 
the  hog  with  a  few  deft  strokes  of  the  knife,  but  some  skill  is  re- 
quired in  order  to  throw  the  intestines  in  just  the  right  position  on 
the  table  so  as  to  be  able  to  make  the  examination  quickly,  which 
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is  very  essential  in  the  large  slaughtering  houses  where  rapid  killing 
is  the  rule. 

The  afferent  lymph  radicles  are  derived  from  the  very  rich  lymph 
and  chyle  plexuses  located  in  the  submucosa  of  the  intestines.  It  is 
through  the  medium  of  these  vessels  that  -the  chyle  is  transported. 
The  chyme  of  the  intestines  furnishes  the  lacteals  or  intestinal  villi 
with  the  material  from  which  the  chyle  is  abstracted,  and  this  passes 
through  these  structures  to  the  chyliferous  capillary  plexuses  in  the 
intestinal  wall,  then  into  the  afferent  vessels  of  the  mesenteric  lymph 
glands.  The  efferent  vessels  of  these  glands — sometimes  called  lac- 
teals, from  the  milky  appearance  of  their  liquid  contents — pass 
through  the  whole  width  of  the  mesentery  to  the  receptaculum  chyli. 


Fig.  34. — Gastric  surface  of  the  liver  of  cattle,  a.  Vena  cava ;  ft,  entrance  of  the  portal 
vein ;  c,  portal  lymph  glands ;  d,  lobe  of  Splgell ;  e,  gall  bladder.  (From  Edelmann*8 
"  Meat  Hygiene.") 

iVlso  on  the  colon  there  are  a  number  of  small  lymph  glands,  lying 
in  the  folds,  which  receive  the  lymph  from  the  walls  of  the  colon 
and  pass  it  on  to  the  efferent  vessels  which  convey  it  to  the  receptac- 
ulum chyli. 

THE  SPLENIC  LYMPH  GLANDS. 

These  glands  are  located  in  swine  in  the  gastro-splenic  ligament  at 
the  hilus  of  the  spleen  near  the  superior  extremity.  In  bovines  these 
glands  lie  at  the  hilus  of  the  spleen  between  the  folds  of  the  splenic 
ligament,  and  when  the  spleen  is  removed  the  glands  often  remain  ad- 
herent to  the  paunch.  The  afferent  lymph  vessels  are  derived  from 
the  superficial  and  deep  portions  of  the  spleen,  and  in  hogs  from  the 
fundus  of  the  stomach.  In  cattle  also  no  doubt  a  few  lymph  radicles 
are  derived  from  the  stomach  walls.)  The  efferents  pass  to  the  recep- 
taculum chyli. 
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THE  HEPATIC  OR  PORTAL  LYMPH  GLANDS. 

These  glands,  from  three  to  five  in  number,  in  cattle  are  located  on 
the  posterior  surface  of  the  liver,  embedded  in  the  fatty  cushion  sur- 
rounding the  vessels  entering  at  the  portal  fissure.  (See  fig.  34,  c.) 
•In  hogs  they  lie  on  the  portal  vein  around  the  foramen  of  Winslow, 
and  are  usually  separated  from  the  liver  during  evisceration,  being 
generally  removed  with  the  intestines,  and  are  then  readily  found  in 
the  fat  near  the  gastric  lymph  glands.  They  should  invariably 
receive  a  careful  examination.     (See  fig.  33,  k,) 

The  afferent  lymph  vessels  are  from  the  greater  portion  of  the  an- 
terior surface,  all  of  the  posterior  surface,  and  from  the  entire 


Pig.  35. — Intestinal  canal  of  cattle  spread  out.  C,  Colon ;  Ca,  cecum ;  D,  duodenum ; 
J,  Jejunum  ;  II,  Ileum :  R,  rectum  ;  m,  mesenteric  lymph  glands  of  the  small  Intestines. 
(From  Edelmann's  "Meat  Hygiene.") 

grandular  portion  of  the  liver.  The  efferent  vessels  pass  upward 
along  with  those  from  the  stomach  to  empty  their  contents  into  the 
receptaculum  chyli. 

THE  SUPERIOR  THORACIC  OR  SUBDORSAL  LYMPH  GLANDS. 

These  glands  are  located  in  the  intercostal  spaces,  embedded  in  the 
intercostal  muscles  and  covered  by  the  costal  pleura,  along  either  side 
of  the  dorsal  vertebrae.  Their  afferent  vessels  are  derived  from  the 
intercostal  muscles,  dorsal  muscles,  dorsal  vertebrae,  parietal  pleura, 
and  partly  from  the  periosteum  and  the  diaphragm.  The  efferent 
vessels  pass  forward  and  empty  into  the  thoracic  duct.  (See  PL 
XXX,  13.) 
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In  sheep  and  hogs  these  glands  are  absent,  but  a  chain  of  lymph 
glands  lie  on  the  aorta  just  under  the  dorsal  vertebrae.  (See  PI. 
XXXII,  7.) 

THE  INFERIOR  THORACIC  OR  SUPRASTERNAL  LYMPH  GLANDS. 

These  glands  are  located  along  the  course  of  the  internal  thoracic ' 
vein  and  artery  and  are  covered  by  the  triangularis  sterni  muscle  at 
the  lower  end  of  the  intercostal  spaces  and  lying  superior  to  the 
sternum. 


Fig.  '.Hi. — Arteries  and  lymph  jjlanda  in  the  Intestines  of  the  hog.  A,  Great  mesenteric 
artery;  A',  arteries  of  the  Intestinal  mesentery  and  Its  subdivisions;  J,  small  Intes- 
tines ;  C,  cecum  ;  Co,  colon  ;  G,  mesenteric  lymph  glands  forming  a  chain  along  the 
vascular  arches  of  the  mesentery ;  11,  group  of  lymph  nodes  along  the  course  of  the 
cecal  artery ;  K,  several  small  lymph  nodes  on  the  colic  artery.  (From  Aureggio*B 
'•Album  Guide.") 

The  afferent  lymph  vessel  are  derived  from  the  rectus  abdominis, 
intercostal  muscles,  parietal  pleura,  and  diaphragm.  The  efferent 
vessels  pass  to  the  prepectoral  lymph  glands  in  order  to  gain  the 
thoracic  duct,  or  to  the  thoracic  duct  or  right  lymphatic  trunk  direct. 

It  is  important  to  note  that  in  cattle  one  of  the  suprasternal  glands 
is  sometimes  designated  the  sternodiaphragmatic  gland,  but  this  gland 
is  not  located  in  the  inferior  thoracic  chain.     It  is  embedded  in  the 
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fatty  tissue  at  the  junction  of  the  diaphragm  with  the  sternum. 
Afferents  are  derived  from  pleura  and  diaphragm,  and  efferents  pass 
to  the  suprasternals.     (See  PI.  XXX,  11,  12,  and  fig.  30,  a.) 

In  swine  the  suprasternals  are  usually  absent,  but  in  their  stead  is 
a  large  single  gland  at  the  articulation  of  the  first  and  second  seg- 
ments of  the  sternum.  (See  PI.  XXXI,  19.)  In  sheep  there  is  a 
sternodiaphragmafic  gland  and  a  gland  disposed  in  the  same  manner 
as  in  the  hog,  i.  e.,  just  above  the  first  or  second  segment  of  the  ster- 
num.    (See  PI.  XXXII,  6,  8.) 

THE  LYMPH  GLANDS  OF  THE  THORACIC  VISCERA. 

The  lymph  glands  of  the  thoracic  viscera  may  be  divided  into 
tracheobronchial  and  mediastinal.  The  tracheobronchial  glands 
are  located  on  the  walls  of  the  trachea  near  the  branching  of  the  main 
bronchial  tubes,  which  are  given  off  to  the  different  lobes  of  the  lungs, 
and  are  named  accordingly.  The  mediastinal  glands  are  termed 
anterior  or  posterior,  according  to  whether  they  are  located  anterior 
or  posterior  to  the  heart.  The  anterior  and  posterior  mediastinum 
are  not  of  the  same  significance  in  the  human  being  and  in  cattle, 
sheep,  and  hogs.  The  posterior  mediastinum  in  man  corresponds  to 
both  anterior  and  posterior  mediastinum  of  domestic  animals.  It 
has  been  thought  best  to  designate  the  large  gland  at  the  anterior  por- 
tion of  the  posterior  mediastinal  space  as  the  median  mediastinal 
gland. 

The  groups  of  glands  in  the  region  of  the  lungs  (bronchials  and 
mediastinals)  are  very  important  to  the  inspector  and  should  be 
carefully  examined  in  every  case  before  a  carcass  is  passed  for  food, 
as  tuberculosis  is  frequently  found  in  one  or  all  of  them,  especially  in 
cattle,  where  these  glands  seem  to  be  a  favored  seat  of  infection.  In 
sheep  especially  these  glands  often  show  the  lesions  of  caseous  lymph- 
adenitis. 

In  hogs  the  bronchial  glands  are  very  well  developed  and  are 
located  usually  in  pairs  in  relatively  the  same  location  as  in  cattle. 
In  hogs  the  efferent  vessels  pass  directly  to  the  thoracic  duct. 

Along  the  course  of  the  phrenic  nerve  as  it  passes  the  base  of  the 
heart  are  many  small  reddish  lymph  glands  embedded  in  the  fatty 
tissues  on  either  side  of  the  nerve. 

Against  the  pericardial  sac  just  under  the  trachea  is  a  gland 
which  receives  the  vessels  from  this  portion  of  the  trachea  and 
visceral  pleura.  Also  on  the  visceral  pleura  against  the  inner  sur- 
face of  the  left  lung  lies  another  small  node  which  receives  afferents 
from  the  adjacent  tissues. 

Dr.  F.  A.  Imler,  inspector  in  charge  of  meat  inspection  at  Cairo, 
111.,  has  recently  called  special  attention  to  the  presence  in  the-  hog  of 
a  gland,  already  known  to  some  bureau  inspectors,  which  varies  in  size 
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from  that  of  a  small  pea  to  that  of  a  pecan,  located  between  the  folds 
of  the  visceral  pleura  and  not  infrequently  in  the  lung  substance  on 
the  lower  median  border  of  the  lung,  about  1  inch  from  its  union  with 
the  superior  median  border.  Its  occurrence  is  quite  variable,  but 
usually  it  is  found  much  more  frequently  in  the  right  than  in  the  left 

lung,  and  seldom  a  node  may 
be  present  in  each  lung.  Imler 
reports  this  gland  present  in 
from  80  to  90  per  cent  of  all 
hogs,  but  our  observations,  cov- 
ering several  thousand  hogs, 
show  it  to  be  present  in  about 
V2  per  cent  of  them.  It  ap- 
pears to  receive  its  efferent  ves- 
sels from  the  lung  substance, 
mediastinal  pleura,  and  the 
liver,  as  disease  of  these  parts 
causes  alterations  in  tlie  glands. 

THE  RIGHT  ANTERIOR  BRONCHIAL 
LYMPH    GLAND. 

This  gland  is  located  in  cat- 
tle at  the  junction  of  the 
bronchus  of  the  right  super- 
numerary or  cephalic  lobe  with 
the  trachea,  and  anterior  or 
somewhat  inferior  to  the  bron- 
chus. (See  fig.  37,  a,)  In  hogs 
it  is  anterior  and  adjacent  to 
the  bronchus.  (See  fig.  38,  2.) 
The  efferent  vessels  are  derived 
from  the  right  anterior  lobe. 
The  efferent  vessels  pass  to  the 
large  gland  located  at  about 
the  middle  of  the  posterior 
mediastinal  region  and  which 

may  be  called  the  median  mediastinal,  or  to  the  other  anterior  nodes 

of  this  group,  then  to  the  thoracic  duct. 

THE   RIGHT   POSTERIOR   BRONCHIAL   LYMPH    GLAND. 

This  gland  is  located  in  cattle  at  the  junction  of  the  bronchus  of 
the  right  main  lobe  of  the  lung  with  the  trachea,  and  is  most  easily 
found  by  turning  the  lung  bottom  side  up  as  it  lies  under  the 
bronchus.    For  the  location  in  the  hog  see  figure  38,  2.    The  afferent 


Fia.  37. — Lungs  and  heart  of  steer,  suspended, 
dorsal  view.  Aa,  anterior  aorta ;  Ap,  pul- 
monary artery ;  Ad,  posterior  aorta ;  Acs, 
left  auricle;  L,  left  lung;  L',  right  lung;  a, 
right  anterior  bronchial  lymph  gland ;  6,  left 
bronchial  lymph  gland ;  c,  median  and  poste- 
rior mediastinal  lymph  glands.  (FromEdel- 
mann's  "  Ment  Hygiene.") 
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lymph  vessels  are  derived  from  the  main  right  lobe.     The  efferents 
pass  to  the  median  mediastinal  glands,  thence  to  the  thoracic  duct. 

THE   LEFT  BRONCHIAL  LYMPH   GLAND. 

This  gland  is  located  in  cattle  and  hogs  on  the  left  side  of  the 
trachea,  anterior  to  and  near  the  left  bronchus,  and  is  normally  the 
largest  of  the  bronchial  lymph  glands.  (See  figs.  37,  6,  and  38,  3.) 
It  receives  its  afferent  lymph  vessels  from  the  left  lobe  of  the  lung, 
and  empties  its  efferent  vessels  into  the  anterior  mediastinal  glands 
on  the  way  to  the  thoracic  duct.    The  bronchial  glands  of  the  hog 


Fig.  38. — lAings  of  hog,  showing  attached  lymph  glands.  1.  Lymph  gland  on  pleura  adja- 
cent to  pericardia]  sac ;  2,  right  anterior  and  posterior  bronchial  lymph  glands ;  3,  left 
bronchial  lymph  gland ;  4,  iymph  gland  attached  to  mediastinal  pleura  between  aorta 
and  left  pulmonary  lobe ;  5,  lymph  glands  on  superior  face  of  aorta  peculiar  to  hogs 
and  taking  place  of  posterior  mediastinal  chain  of  glands  In  bovines.  (From  Aureggio's 
"Album  Guide.") 

are  usually  found  in  pairs.  In  cattle  there  is  usually  a  large  single 
gland,  rather  deeply  lobulated,  so  that  it  appears  almost  like  several 
glands  grouped  together.  This  gland  is  the  one  ordinarily  examined 
on  the  killing  beds,  the  procedure  being  to  grasp  the  anterior  lobe 
of  the  left  lung  with  one  hand  and  with  the  other  to  make  an  in- 
cision across  the  left  bronchus  at  the  root  of  this  lobe  which  cuts 
into  and  exposes  the  lymph  gland  for  examination. 

THE   POSTERIOR   OR    MIDDLE   BRONCHIAL   LYMPH   GLAND. 

This  gland,  located  at  the  postero-inferior  part  of  the  bifurcation 
of  the  trachea  into  the  two  main  bronchi,  is  quite  a  small  gland 
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and  is  absent  in  some  animals.  (See  PI.  XXX,  16.)  It  is  always 
present  in  hogs,  but  on  the  superior  part  at  the  bifurcation  of  the 
trachea.  Afferents  are  received  from  the  mediastinal  pleura  and 
bronchi,  and  efferents  pass  to  the  anterior  mediastinal  glands. 

Sometimes  there  are  several  small  glands  in  close  proximity  at  this 
location,  and  they  probably  receive  lymph  from  the  deeper  lung 
tissues  of  the  posterior  lobes,  from  the  parietal  and  visceral  pleura 
adjacent,  and  from  the  diaphragm.  Their  efferent  vessels  pass  along 
the  internal  face  of  the  left  principal  lobe  and  empty  into  a  small 
gland  in  the  anterior  mediastinum  just  above  the  base  of  the  heart, 
thence  forward  to  one  of  the  glands  at  the  apex  of  the  pleural  sac, 
or  into  the  thoracic  duct. 

the  anterior  mediastinal  lymph  glands. 

These  glands  are  located  in  the  folds  of  the  anterior  mediastinum 
in  variable  numbers.  They  are  small  in  size  and  are  distributed 
along  the  inferior  and  lateral  parts  of  the  trachea  and  esophagus 
anterior  to  the  heart  and  near  to  the  entrance  to  the  thorax.  (See 
PL  XXX,  15,  and  fig.  30,  a\) 

Their  afferents  are  derived  from  the  pleura,  esophagus,  pericar- 
dium, and  heart,  and  efferents  from  posterior  or  middle  bronchials, 
thymus,  and  small  glands  along  the  course  of  the  phrenic  nerves. 
Their  efferents  pass  to  either  the  thoracic  duct  or  right  lymphatic 
vein,  or  to  the  prepectorals  before  entering  the  large  terminal  lymph 
trunks. 

These  glands  remain  in  the  beef  carcass  as  a  rule  after  the  lungs 
are  removed,  and  in  the  dressed  carcass  the  whole  group  will  some- 
times be  found  on  one  side  after  it  is  split,  while  in  other  cases  one- 
half  of  the  gland  or  glands  will  be  found  on  each  half  of  the  carcass 
embedded  in  the  mass  of  fat  just  superior  to  the  anterior  segment 
of  the  sternum. 

the  median  mediastinal  lymph  gland. 

This  gland  is  located  in  cattle  in  the  anterior  part  of  the  posterior 
mediastinal  space,  and  is  an  anterior  node  of  the  posterior  medias- 
tinal group.  It  is  quite  well  developed  and  is  a  very  important  gland, 
as  it  receives  the  efferent  lymph  vessels  of  the  principal  bronchial 
glands,  as  before  described.  The  efferent  vessels  empty  directly  into 
the  thoracic  duct,  with  which  it  is  in  very  close  proximity.  (See  fig. 
37,  c.) 

THE    POSTERIOR    OR    CAUDAL    MEDIASTINAL    LYMPH    GLAND. 

This  gland  is  located  in  cattle  at  the  extreme  posterior  portion 
of  the  posterior  mediastinal  region  and  touching  the  pillars  of  the 
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diaphragm.  It  is  the  largest  of  all  the  thoracic  glands  and  of 
those  known  usually  as  the  posterior  mediastinal  group.  (See  fig. 
37,  (?.)     Other  nodes  also  are  foimd  in  the  posterior  mediastinal  group. 

In  hogs,  along  the  superior  surface  of  the  aorta,  are  four  or  five 
small  lymph  glands  which  may  be  taken  to  represent  the  posterior 
mediastinal  lymph  glands  as  found  in  bovines. 

The  afferents  are  derived  from  the  pleura  of  the  surroimding  pos- 
terior mediastinal  region,  the  diaphragm,  the  esophagus,  and  the 
anterior  face  of  the  liver.  The  efferents  pass  forward  to  near  the 
median  mediastinal  gland,  then  empty  into  the  thoracic  duct. 

This  gland  is  frequently  left  in  the  dressed  carcass,  in  which  case 
it  will  be  found  close  to  the  diaphragm,  adjacent  to  the  pillars  of 
this  muscle,  and  should  invariably  be  removed  and  examined,  as  it  is 
a  frequent  seat  of  tubercular  lesions.  The  anterior  node  of  the  pos- 
terior mediastinals  (the  median  mediastinal)  is  also  occasionally  left 
in  the  carcass,  where  it  can  be  found  attached  to  the  inferior  dorsal 
muscles  to  the  right  of  the  aorta  about  opposite  to  the  interspace 
between  the  fourth  and  fifth  ribs.  This  portion  of  the  gland  is  quite 
often  erroneously  considered  by  inspectors  to  be  the  anterior  medias- 
tinal lymph  gland. 

OTHER  LYMPHATIC  STRUCTURES. 

Besides  the  lymphatic  structures  above  described,  there  are  many 
lymphatic  tissues  throughout  the  animal,  of  which  brief  mention 
should  be  made.  In  some  of  the  organs  of  the  body  there  are  lym- 
phatic cellular  aggregations  more  or  less  extensive,  yet  hardly  large 
enough  to  be  classed  as  lymph  glands. 

Very  small  lymph  glands  are  found  along  the  course  of  the  smaller 
bronchi  in  the  lungs. 

The  spleen  is  very  rich  in  lymphatic  tissues  which  compose  the 
Malpighian  bodies  that  are  so  prominent  on  section  of  that  organ 
and  appear  as  small  whitish  nodules  in  the  red  matrix. 

In  the  intestines  the  lymphatic  tissues  compose  what  are  known  as 
the  solitary  follicles  and  the  agminated  follicles  or  Peyer's  patches. 
In  the  terminal  part  of  the  small  intestines  of  the  hog  a  Peyer's  patch 
forms  itself  as  a  band  4  or  5  feet  in  length. 

In  the  mucous  membranes  of  other  parts  also  are  many  lymph  fol- 
licles, as  in  the  soft  palate  and  the  base  of  the  tongue,  but  particu- 
larly in  the  tonsils  and  in  the  posterior  nares. 

In  the  way  of  lymph  cavities,  it  may  be  well  to  call  attention  to 
spaces  surroimding  blood  vessels  of  the  brain,  known  as  perivascular 
lymph  channels,  and  around  nerve  trunks,  called  perineural  lymph 
sheaths ;  but  these  spaces  are  not  dependents  of  the  large  lymph  sys- 
tem. 


Digitized  by  LjOOQ IC 


400  27th  beport,  bureau  of  animal  industry. 

The  pleural  and  peritoneal  cavities  are  both  thought  to  be  in  open 
communication  with  the  lymph  vessels ;  in  the  case  of  the  pleura  these 
openings  occur  in  the  intercostal  spaces,  and  in  the  case  of  the  peri- 
toneum on  the  pillars  of  the  diaphragm.  The  openings  of  communi- 
cation are  called  stomata.  Normally,  these  cavities  contain  only  suffi- 
cient lymph  to  lubricate  the  contained  viscera. 

Stroh  has  recently  recorded  the  presence  of  a  small  lymph  gland  in 
cattle  at  about  the  juncture  of  the  xiphoid  cartilage  and  the  cartilage 
of  prolongation  of  the  last  rib. 
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THE  PREPARATION  OF  HOG  CHOLERA  SERUM  IN  HUNGARY. 

By  Adolph  Eichhobn,  D.  V.  S., 
BacteriologUty  Pathological  Division, 

INTRODUCTION. 

Many  hog  breeders  and  feeders  have  been  discouraged  to  such  an 
extent  by  the  severe  losses  sustained  by  the  ravages  of  hog  cholera 
that  they  have  hopelessly  given  up  an  industry  which  in  the  absence  of 
this  disease  would  be  highly  profitable  and  advantageous  to  them. 
For  many  years  this  disease  has  caused  heavy  losses  in  the  United 
States,  estimated  at  from  $10,000,000  to  $50,000,000  annually.  Esti- 
mates by  the  Bureau  of  Statistics  of  the  United  States  Department 
of  Agriculture  place  the  losses  of  hogs  from  disease  in  1909  at 
$19,000,000,  and  it  is  believed  that  hog  cholera  is  the  cause  of  at 
least  four-fifths  of  this  loss.  Fix)m  these  figures  it  can  readily  be 
seen  that  it  is  to  the  interest  of  those  concerned  in  the  live-stock 
industry  to  do  everything  in  their  power  toward  the  control  and 
eradication  of  this  disease. 

But  the  losses  are  not  confined  to  the  hog  breeders  of  the  United 
States.  Hog  cholera  has  also  done  great  damage  to  the  hog  industry 
of  many  of  the  European  countries.  Particularly  is  this  true  of 
Hungary,  a  small  country  which  is  especially  dependent  on  agri- 
culture and  live-stock  breeding.  The  hog  industry,  until  the  appear- 
ance of  hog  cholera  in  that  country,  was  one  of  the  principal  sources 
of  revenue,  but  since  the  first  appearance  of  this  disease  in  1895  an 
annual  loss  of  many  million  dollars  has  been  sustained  and  the 
industry  has  been  practically  ruined. 

It  is  therefore  natural  that  any  steps  made  toward  the  control  of 
this  disease  in  any  part  of  the  world  have  been  eagerly  watched  in 
that  country.  Thus,  inmiediately  after  the  news  had  crossed  the 
Atlantic  of  the  great  discovery  by  Dorset  and  his  associates  in  the 
Bureau  of  Animal  Industry  by  which  the  cause  of  hog  cholera  was 
demonstrated  and  a  successful  method  of  immunization  developed, 
the  Government  of  Hungary  undertook  the  establishment  of  labora- 
tories and  a  plant  where  serum  could  be  prepared  on  a  large  scale  to 
provide  for  the  entire  demand  of  the  country,  with  the  object  of 
restoring  the  flourishing  industry  of  former  times. 

During  the  summer  of  1910  the  writer  had  the  privilege  of  visiting 
this  establishment  and  making  a  study  of  the  conditions,  equipment, 
8693°— 11 26  401 
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and  method  of  preparation  of  the  serum.  He  was  there  long  enough 
to  satisfy  himself  of  the  splendid  results  that  are  being  obtained, 
and  is  satisfied  that  during  the  two  years  since  the  serum  institute 
was  established  many  thousands  of  hogs  have  been  saved. 

LOCATION  OF  THE  ESTABLISHMENT. 

The  establishment  is  located  in  a  suburb  of  Budapest,  known  as 
Kobanya,  on  a  part  of  the  ground  which  was  used  for  many  years 
for  the  fattening  of  hogs.  Kobanya  was  the  principal  feeding  place 
for  hogs  until  1895,  when  this  industry  received  a  severe  blow  by 
the  appearance  of  hog  cholera,  which  until  that  time  was  unknown  in 
Hungary.  These  feeding  yards  cover  an  area  of  over  500  acres,  and 
are  conducted  by  a  corporation,  which  undertakes  the  fattening  of 
hogs  for  individual  hog  breeders  or  speculators.  Before  the  appear- 
ance of  hog  cholera  the  number  of  hogs  fed  there  annually  varied  be- 
tween 400,000  and  500,000;  now,  however,  the  number  hardly  ever  ex- 
ceeds 200,000.  The  breed  is  principally  the  Hungarian  "  Mango- 
licza,"  which  is  a  lard-producing  hog,  the  average  weight  after  fat- 
tening being  600  pounds.  Beside  this  breed  the  Yorkshires  and  Berk- 
shires  are  also  in  prominence,  although  in  less  favor,  on  account  of 
their  more  delicate  constitution,  as  they  are  less  resistant  to  disease 
and  climatic  exj)osure. 

The  hogs  are  brought  to  the  feeding  yards  as  a  rule  when  1^  years 
old,  and  the  fattening  and  finishing  process  takes  9  months.  The 
feeding  is  followed  in  a  very  systematic  way,  in  which  the  time  of 
the  feeding  as  well  as.  the  quantity  of  feed  varies  with  the  progress 
of  the  fattening.     The  feed  consists  of  corn-meal  mash  and  dry  corn. 

A  part  of  this  establishment,  an  area  of  about  6  acres,  has  been 
rented  to  the  Government  for  the  preparation  of  hog  cholera  serum. 
This  ground  is  surrounded  by  a  brick  wall,  and  has  only  one  en- 
trance. A  laboratory  consisting  of  4  rooms  has  been  erected  on 
the  ground  at  its  entrance,  and  immediately  adjoining  this  build- 
ing is  the  shed  in  which  the  inoculations  are  made,  and  here  also  the 
blood  is  drawn  from  the  hogs  to  obtain  the  serum.  Besides  the 
laboratory  there  is  a  smaller  building  which  consists  of  2  rooms. 
In  one  of  these  the  hyperimmunized  hogs  are  bled,  while  in  the  other 
the  carcasses  are  eviscerated  and  dressed. 

The  ground  is  divided  into  two  parts  by  an  alley  which  runs 
through  the  center.  On  both  sides  of  this  alley  pens  are  located. 
The  ground  is  well  paved  with  brick,  and  any  part  of  the  premises 
can  be  readily  washed  and  disinfected  if  so  desired. 

ORIGIN  AND  GROWTH  OF  THE  SERUM   ESTABLISHMENT. 

After  confirming  the  work  of  Dorset  and  his  associates  regarding 
the  etiology  of  hog  cholera,  Prof.  F.  Hutyra,  director  of  the 
Royal    Veterinary    School,   imdertook    laboratory    experiments   for 
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immunization  according  to  the  method  of  Dorset.  The  results  were 
satisfactory  to  such  an  extent  that  Prof.  Hutyra  undertodt  the  serum 
preparation  for  application  in  practice.  For  this  purpose  he  applied 
to  the  department  of  agriculture  for  funds,  and  it  was  then  decided 
to  establish  a  serum  institute,  as  suggested  by  him,  in  which  the  nec- 
essary quantity  of  serum  could  be  produced  to  supply  the  entire  de- 
mand of  the  country.  Thus,  in  the  early  part  of  1909  the  work  was 
started  on  a  small  scale.  By  July  about  450  animals  were  employed 
for  the  production  of  the  serum,  and  this  number  remained  station- 
ary until  December,  when  it  was  raised  to  560;  and  from  that  time 
the  number  was  gradually  increased  until  in  April,  1910,  the  total 
number  was  1,400  hogs.  This  number  now  remains  almost  station- 
ary, proving  sufficient  for  producing  the  necessary  quantity  of  serum. 

In  1909  the  total  production  of  serum  amounted  to  609,363  c  c. 
of  defibrinated  blood  and  318,617  c.  c.  of  serum.  During  1910  the 
monthly  output  of  serum  amounted  to  260,000  c.  c,  the  senim  dose 
being  only  one-half  of  the  quantity  of  the  dose  of  defibrinated  blood. 

The  institution  aims  to  have  always  on  hand  a  supply  of  serum, 
and  during  its  existence  there  has  been  but  one  instance  when,  for  a 
few  days  only,  it  was  impossible  to  comply  with  the  requests  which 
came  in. 

METHOD  OP  PREPARING  THE  SERUM. 

The  process  followed  in  the  preparation  of  the  serum  is  essentially 
that  devised  and  described  by  the  United  States  Bureau  of  Animal 
Industry,  but  the  Hungarian  workers  have  introduced  modifications 
of  the  details  and  have  devised  certain  pieces  of  apparatus,  a  descrip- 
tion of  which  will  doubtless  be  of  interest  to  persons  engaged  in  the 
preparation  of  the  serum  in  the  United  States  and  elsewhere. 

PREPARING   HYPERIMMDNIZED    HOGS. 

From  100  to  200  hogs  of  about  200  pounds  weight  are  purchased 
and  placed  in  an  infected  pen,  where  they  usually  contract  the  dis- 
ease in  20  days.  Formerly  it  was  necessary  to  inoculate  several  hogs 
artificially  with  2  c.  c.  of  virus  in  order  to  produce  the  disease.  Tliis, 
however,  is  no  longer  practiced,  as  the  infected  pens  are  always  suf- 
ficient to  produce  the  disease,  and  the  results  obtained  in  this  way  are 
very  satisfactory.  After  the  appearance  of  the  disease  the  animals 
are  carefully  watched,  and  the  more  severely  affected  ones  are  marked 
with  paint  on  their  backs  for  easier  identification.  Immediately  after 
the  appearance  of  cutaneous  hemorrhages  the  animals  are  removed 
from  the  pen  and  bled.  The  virus  thus  obtained  is  then  used  for  the 
hyperimmunization  of  hogs  which  have  already  recovered  from  the 
disease.  The  hogs  are  placed  in  groups  in  the  different  pens  accord- 
ing to   the   progress  of  the   process  of  immunization.      (See   PI. 
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XXXIII,  fig.  1.)  For  the  production  of  virus  only  acutely  affected 
animals  are  used.  The  bleeding  is  performed  in  the  same  manner  as 
with  the  hyperimmunized  animals  when  they  are  bled  to  death. 

The  table  (fig.  39)   upon  which  the  animals  are  placed  for  the 
bleeding  is  made  of  cast  iron  and  is  so  constructed  that  the  animal  is 

placed  on  its  curved  surface  and 
secured  by  one  front  leg  being 
drawn  backward  and  upward  by 
a  rope,  which  is  then  secured  to 
a  ring  attached  to  the  other  side 
of  the  table.  The  other  leg  is 
drawn  forward  and  tied  through 
a  hole  on  the  front  part  of  the 
table.  The  animal  lies  on  the 
right  side.  The  pectoral  region 
is  shaved,  washed,  and  disinfected  with  75  per  cent  alcohol.  The 
specially  constructed  knife  (fig.  40,  a)  is  then  introduced  near  the 
entrance  of  the  thoracic  cavity,  the  carotid  and  jugular  are  severed, 
and  the  blood  then  runs  freely  into  the  receptacle  (fig.  40,  6).  The 
knife  is  about  18  inches  long.    The  tube  part  is  about  two-thirds  of 


Fi(j.    'M). — Table  on   which   hogs  are  placed 
for  bleeding. 
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Fig.  40. — Apparatus  used  in  bleeding  hogs,  a.  Bleeding  knife;  h,  receptacle  (glass  Jar  in 
frame)  for  collecting  blood  from  tail  bleeding;  c,  frame  for  6;  d,  defibrinating  appa- 
ratus for  blood  from  tall  bleeding ;  c,  receptacle  for  collecting  blood  from  final  bleeding. 

an  inch  in  diameter,  and  terminates  in  a  lance-shaped  cutting  end. 
Immediately  below  the  cutting  end  are  openings  through  which  blood 
enters  the  tube  of  the  knife. 

The  receptacle  into  which  the  blood  is  allowed  to  flow  is  made  of 
galvanized  iron  and  has  a  capacity  of  about  1  gallon.    It  is  supplied 
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FiQ.  1.— Drawing  Blood  from  Tails  of  Hyperimmunized  Hogs. 


Fig.  2.-FINAL  Bleeding  of  Hog. 
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with  a  cover  which  has  an  extension  of  a  metal  cylinder  through 
which  blood  flows  into  the  container.  It  also  is  provided  witli  a 
handle  and  a  dasher,  with  the  aid  of  which  the  defibrination  of  the 
blood  is  accomplished  (fig.  40,  d).  The  container  at  its  bottom  is 
supplied  with  a  faucet  through  which  the  defibrinated  blood  is 
drawn  off. 

The  blood  is  inoculated  without  much  delay  into  the  animals  used 
for  the  hyperimmimization.  The  hyperimmunization  is  accom- 
plished by  three  successive  subcutaneous  inoculations  of  500  c.  c.  of 
the  virus.  These  three  inoculations  are  given  to  the  recovered  ani- 
mals at  intervals  of  from  10  to  14  days.  Inoculations  of  the  virus 
are  made  into  the  loose  connective  tissue  of  the  groin,  frequently  on 
botli  sides.  After  the  three  inoculations  the  animals  are  bled  twice 
from  the  tail,  the  first  time  8  days  after  the  third  inoculation  of 
virus,  the  second  time  5  days  later.  The  animals  are  again  injected 
with  500  c.  c.  of  virus  (fourth  time),  in  order  to  increase  the  reduced 
immune  bodies.  Eight  days  following  the  fourth  inoculation  the 
animal  is  again  bled  from  the  tail,  and  this  is  repeated  5  days  later. 
In  4  more  days  the  hyperimmunized  animal  is  finally  bled  to  death. 

The  subcutaneous  inoculations  of  the  virus  are  now  exclusively  used 
in  the  preparation  of  the  hyperimmunized  hogs.  However,  during 
the  writer's  visit,  experiments  were  in  progress  with  intraperitoneal 
inoculations,  with  the  object  of  determining  whether  the  quantity 
of  virus  could  not  be  reduced  and  also  whether  the  intervals  between 
the  inoculations  could  not  be  lessened. 

In  the  preparation  of  the  hyperimmunized  hogs  the  large  quantity 
of  virus  necessary  is  the  principal  factor,  and  as  a  result  of  this  the 
production  of  the  serum  is  quite  expensive.  This  important  item 
can  be  considerably  reduced  when  hog  cholera  prevails  in  the  vicinity 
of  such  a  serum  establishment.  In  that  case  virus  can  be  obtained 
from  time  to  time  in  considerable  quantities  from  the  acutely  sick 
animals  without  expense.  This  method  has  been  practiced  at  Buda- 
pest, but  there  have  .been  no  recent  outbreaks  of  hog  cholera  in  the 
surrounding  country,  and  at  the  present  time  it  is  necessary  to  obtain 
the  virus  from  the  animals  which  have  been  made  sick  at  the  estab- 
lishment. 

To  hold  hogs  for  inoculation  a  very  ingenious  arrangement  is  used 
at  the  serum  establishment.  (See  fig.  41.)  It  consists  of  a  stall, 
three  sides  of  which  are  stationary,  the  remaining  side  being  movable 
and  held  in  place  by  a  bar.  The  movable  side  is  provided  with  four 
rollers,  and  to  the  inside  and  lower  part  a  wide  strap  is  fastened. 
The  hog  enters  through  a  door  in  the  side  of  the  stall  into  the  stand, 
and  walks  with  the  front  leg  over  the  strap,  which  is  allowed  to  hang 
loose  on  the  floor  of  the  stall.  Inmiediately  after  the  animal  is 
secured  the  crossbar  is  released,  the  side  falls  down  to  the  ground 
and  rests  on  the  rollers,  and  the  animal  lies  secure. 
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BLEEDING   OF   HYFERIMMUNIZED   HOGS. 

The  hyperimmunized  animals,  when  ready  for  their  first  bleeding 
from  the  tail,  are  placed  on  a  stand  made  of  cast  iron,  which. con- 
sists of  a  stall  of  just  sufficient  size  to  hold  a  hog.     (See  fig.  42.) 


/ 


Fig.  41. — Stall  for  Hecurlng  hogs  for  Inoculation  with  virus. 

These  stands  are  provided  with  rollers  by  the  aid  of  which  they  are 
rolled  to  a  small  door  in  the  hogpen.  Inside  of  this  door  in  the  pen, 
there  is  a  chute  through  which  the  animals  are  driven  through  the 

door  into  the  stand.  The  stand  is 
provided  with  leather  straps  in  the 
front  and  back,  one  securing  the  ani- 
mal on  the  abdomen  in  front  of  the 
hind  leg,  another  over  the  loin,  while 
in  front  there  is  one  to  secure  the 
animal  in  front  of  the  shoulders. 
The  straps  are  fastened  by  a  lever 
with  which  the  releasing  and  secur- 
ing of  the  animals  can  be  accom- 
plished by  a  single  motion.  The 
head  is  also  secured  by  passing  a  rope 
around  the  upper  jaw  and  fastening 
it  to  a  ring  in  the  wall. 

After  securing  the  animal  in  the 
stand,  the  hair  of  the  tail  and  around 
its  base  is  well  clipped,  and  the  tail 
is  washed  with  hot  water,  disinfected 
with  75  per  cent  alcohol,  and  then 
submerged  in  a  dish  containing  hot  water  at  50°  C.  for  5  to  10  minutes. 
The  latter  is  done  in  order  to  produce  a  hyperemia  in  the  blood  ves- 
sels.    Another  method  by  which  the  hyperemia  of  the  vessels  is 


Pig.  42. — Stand  for  Becurlng  hogs  for 
bleeding  from  tall. 
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produced  and  the  flow  of  blood  hastened  consists  in  placing  an  electric 
bulb  in  close  contact  with  the  tail,  the  reflection  of  the  light  of  this 
bulb  being  directed  toward  the  tail.  However,  uniformly  good  results 
are  obtained  from  the  hot-water  method.  After  the  removal  of  the  tail 
from  the  hot  water  a  piece  is  cut  off,  irrespective  of  whether  a  joint 
is  struck  or  not.  The  instrument  used  in  this  operation  is  shaped 
somewhat  like  an  emasculator,  sharp  on  both  edges,  and  only  a  slight 
effort  is  required  to  sever  the  tail.  Should  the  flow  of  blood  cease 
l>efore  a  sufficient  quantity  is  obtained  the  stub  of  the  tail  is  rubbed 
with  a  piece  of  sterile  cotton,  and  if  the  flow  should  not  be  renewed 
by  this  method,  another  piece  is  clipped  off;  and  if  this  should  fail 
the  tail  is  again  placed  in  hot  water.  The  operation  of  drawing  blood 
from  the  tails  of  hyperimmunized  hogs  is  shown  in  Plate  XXXIV, 
figure  1. 

The  receptacles  into  which  the  blood  is  received  from  the  tail 
bleedings  consists  of  a  fruit  jar,  which  fits  in  a  framework,  to  which 
a  lid  is  fastened  to  cover  the  jar.  (See  fig.  40,  6  and  c.)  This  lid 
has  a  cylindrical  projection  and  somewhat  resembles  the  cover  of  a 
milking  pail.  After  placing  the  empty  jar  in  the  frame  it  is  covered 
with  the  lid;  the  blood  is  then  allowed  to  flow  from  the  tail  through 
the  cylindrical  projection  of  the  lid  into  the  jar,  and  when  the  jar 
is  filled  it  is  taken  from  the  frame.  The  receptacle  has  a  capacity 
of  about  500  c.  c,  and  two  such  receptacles  are  filled  with  blood  from 
each  hog.  It  takes  an  average  of  about  an  hour  to  draw  the  desired 
quantity  from  each  animal.  The  blood  is  defibrinated  in  the  jar 
by  attaching  an  apparatus  consisting  of  a  wheel  with  a  handle  (like 
that  of  an  egg  l>eater)  which  turns  a  rod  to  which  seven  crossbars 
are  attached.  (See  fig.  40,  d,)  This  is  placed  on  the  jar,  and  by 
alternately  revolving  it  in  each. direction  the  clot  is  broken  up  in 
about  one  minute;  then  the  beating  apparatus  is  removed  and  the  jar 
is  covered  with  its  regular  lid. 

Four  bleedings  from  the  tails  are  made  at  intervals  stated  above, 
and  at  each  bleeding  900  to  1,000  c.  c.  of  blood  is  drawn  from  each 
animal.  After  the  conclusion  of  the  bleeding  of  the  animals  on  a 
particular  day  the  blood  in  the  jars  is  filtered  through  gauze  into  a 
large  bottle,  from  which  it  can  be  drawn  through  a  faucet  close  to 
the  bottom. 

The  last  bleeding,  during  which  the  animal  is  bled  to  death,  is 
accomplished  in  the  same  manner  as  when  the  virus  is  drawn  from  an 
affected  animal  for  hyperimmunization.  The  same  kind  of  a  knife  is 
used  for  severing  the  carotid  and  jugular,  and  the  securing  of  the 
animal  is  also  carried  out  in  the  identical  way  as  described  in  the 
bleeding  for  virus.  (See  PI.  XXXIV,  fig.  2.)  The  blood  is  also 
allowed  to  run  into  a  receptacle  (fig.  40,  e)  in  which  the  defibrination 
is  carried  out  in  a  chumlike  manner. 
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PREPARATION  OF  BLOOD  SERUM. 

The  defibrinated  blood,  whether  obtained  from  the  tail  bleedings 
or  from  the  final  bleeding,  is  conveyed  into  the  room  where  the  cen- 
trifugalization  takes  place.  There  are  two  centrifugal  machines  of 
7  liters  capacity  each  (PI.  XXXIII,  fig.  2).  These  machines  have 
an  arrangement  for  10  containers  of  700  c.  c  each.  These  containers 
are  filled  with  the  defibrinated  blood,  the  lid  is  tightly  secured,  and 
the  machine  is  set  in  motion  and  the  speed  gradually  increased.  The 
power  is  furnished  by  a  gasoline  engine,  and  the  machine  makes 
2,000  revolutions  a  minute. 

The  process  of  centrifugalization  lasts  one  hour,  when  the  jars 
containing  the  centrifugalized  blood  are  taken  out  and  placed  on  a 
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Fig.  43. — Apparatus  for  siphoning  Rerum  after  centrifugalization  of  blood. 

table,  where  the  siphoning  of  the  serum  is  accomplished.  This  is  car- 
ried out  w^ith  the  aid  of  a  vacuum  pump  attached  to  an  ordinary 
hydrant  pipe.  From  the  pump  a  rubber  attachment  is  made  with  a 
Woulff  bottle,  which  serves  to  take  up  the  water  in  case  of  an  over- 
flow from  excessive  pressure.  From  this  bottle  a  rubber  attachment 
is  made  with  another  large  bottle,  which  serves  for  the  collection  of 
serum.  To  this  serum  bottle  a  rubber  tube  with  a  small  drawing 
pipette  is  attached.  This  whole  apparatus  represents  simply  an 
arrangement  by  which  the  serum  is  easily  siphoned  off  from  the  red 
blood  corpuscles.  This  is  accomplished  without  the  slightest  diffi- 
cult v,  and  there  is  absolutelv  no  loss  of  serum  by  this  method.  (See 
fig.  43.) 
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To  the  serum  thus  obtained  there  is  immediately  added  as  a  pre- 
servative 1  part  of  carbolic-acid  solution  to  9  parts  of  serum.  The 
carbolic-acid  solution  consists  of — 

Tarts. 

Carbolic  acid 5.  r> 

Glycerin 20.0 

Distilled  water 74.  5 


P===^ 


FILLING  BOTTLES  FOR  SHIPMENT  OF  SERUM. 

The  large  bottle  containing  the  carbolized  serum  has  an  arrange- 
ment for  an  outflow  of  serum  close  to  the  bottom,  to  which  a  rubber 
tube  is  attached  which  con- 
nects with  a  graduated 
cylindrical  container.  The 
container  holds  COO  c.  c, 
and  is  divided  into  25  c.  c. 
graduations.  The  serum  is 
allowed  to  flow  into  this 
cylindrical  container  by 
opening  a  stopcock  attached 
to  a  glass  tube  running 
from  the  side  of  the  bottle. 
As  soon  as  the  desired 
quantity  has  flowed  into 
the  container  the  flow  is 
checked  by  closing  the  stop- 
cock. The  V)ottom  of  the 
container  connects  with  a 
glass  tube  to  which  a  stop- 
cock is  also  attached. 
With  the  opening  and  clos- 
ing of  this  stopcock  the 
desired  quantity  of  serum 
is  allowed  to  run  into  the 
different-sized  bottleswhich 
are  used  for  the  shipment 
of  the  serum.  This  appa- 
ratus is  illustrated  in  fig- 
ure 44. 

As  the  serum  is  filled 
into  the  bottles  of  different 
sizes  they  are  temporarily 
plugged  with  cotton,  and  after  the  filling  is  concluded  the  cotton  plugs 
are  replaced  with  corks  which  have  been  autoclaved  and  submerged 
in  hot  paraffin.  There  are  kept  on  hand  different-sized  bottles,  vary- 
ing from  50  to  500  c.  c,  filled  with  serum  ready  for  shipment. 


Fig.  44. — Apparatus  for  fllllnK  bottles  with  Beriim. 
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directions  for  usb  of  sbrum. 
The  following  directions  are  sent  out  with  the  serum  : 
Directions  fob  the  Immunization  Against  Hog  Cholera   (Swine  Plague). 

The  serum  is  obtained  from  artificially  hyperlmmunlzed  hogs  and  contains  0.5 
per  cent  carbolic  acid.  Inoculated  into  the  body  of  healthy  hogs,  it  produces  in 
the  majority  of  cases  a  passive  immunity  lasting  at  least  three  weeks,  which, 
however,  would  become  active  should  the  animal  immediately  after  the  inocula- 
tion become  exposed  to  natural  infection. 

The  serum  until  it  is  used  should  be  kept  in  a  cool  place  (ice  box  or  cool 
cellar) ,  and  should  be  injected  under  the  skin  on  the  inner  surface  of  the  ham, 
with  a  previously  carefully  boiled  and  cleansed  syringe.  The  doses  are  as  fol- 
lows: 

c.  c. 

Hogs  weighing  under  20  kilos j. 8 

Hogs  weijjhing  20  to  40  kilos 10 

Hogs  weighing  40  to  60  kilos 13 

Hogs  weighing  60  to  75  kilos 15 

Hogs  weighing  75  to  00  kilos 20 

Hogs  weighing  over  00  kilos 25 

Inasmuch  as  the  Inoculation  protects  the  animals  only  for  a  short  i)erlod,  it 
should  be  employed  in  Infected  herds  where  hog  cholera  (swine  plague)  has 
appeared  only  very  recently  or  only  in  cases  where  the  healthy  herd  is  threat- 
ened by  danger  of  immediate  infection. 

In  such  Iierds  It  is  advisable  to  inoculate  all  the  animals  with  the  exception 
of  those  which  are  already  severely  affected,  and  It  Is  best  to  slaughter  such 
animals  as  soon  as  possible. 

From  the  inoculations  good  results  can  only  be  expected  at  the  onset  of  the 
infection;  therefore,  if  in  a  herd  many  deaths  have  occurred,  and  if  20  to  25 
per  cent  of  the  animals  are  sick,  then  it  may  be  readily  seen  only  little 
success  can  be  exi)ected. 

It  Is  advisable  to  retain  the  herd  in  the  infected  place  until  the  infection  has 
entirely  passed  off.  In  the  meantlnje  It  Is  advisable  to  isolate  those  animals 
which  show  the  characteristic  Indications  of  the  disease  (lack  of  appetite, 
dullness,  diarrhea,  exudate  from  the  eyes,  etc.). 

If  the  Inoculation  does  not  check  the  Infection  in  from  one  to  two  weeks,  it 
can  be  repeated. 

Besides  these  directions,  there  is  also  sent  to  the  veterinarian  a 
printed  blank  to  be  filled  out  and  returned  so  as  to  furnish  the  estab- 
lishment with  statistical  data  on  the  results  of  the  inoculation. 
These  reports  are  used  in  compiling  the  annual  reports  of  the  serum 

institute. 

RESULTS  OF  PRACTICAL  USE  OF  SERUM. 

The  results  of  the  inoculations  in  1909  are  compiled  in  the  follow- 
ing tables,  and  from  these  it  can  be  readily  seen  that  the  mortality 
in  all  the  inoculated  herds  averages  only  between  8  and  9  per  cent. 
Of  course  it  should  be  taken  into  consideration  that  in  numerous 
instances  the  serum  has  been  applied  in  badly  infected  herds  where 
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the  infection  existed  in  more  than  25  per  cent  of  the  animals  before 
the  inoculation.  Prof.  Hutyra  showed  the  writer  numerous  reports 
of  cases  in  which  the  serum  had  been  employed  at  the  onset  of  the 
outbreak,  and  in  most  of  these  instances  the  infection  was  abruptly 
checked  without  any  further  loss  of  animals. 

Jnoculatiom  of  apparently  healthy  animals  in  infected  herds. 


Deaths. 

Inoculated. 

Not  inoculated. 

Number  of 
herds. 

Number  of 

Deaths. 

Number  of 
animals. 

Deaths. 

Percent. 
0 
0.1-5.0 
5    -10.0 
10    -20.0 
20    -30.0 
30    -40.0 
42    -m.O 

18 
12 
3 
9 
4 
3 
5 

2,237 
2,442 
496 
1,816 
707 
576 
872 

Number. 
0 
56 
42 
226 
167 
220 
513 

Percent. 
0 
2.3 
8.4 
12.4 
23.6 
38.2 
58.8 

673 
1,122 
509 
1,203 
328 
136 
509 

Number. 

91 
147 
104 
710 
111 

86 
269 

Percent. 
15.9 
13.1 
20.4 
59.0 
33.5 
63.4 
53.6 

Results  of  protective  iiwculations  against  hog  cholera. 


Numlier  of 
herds. 

Number  of 
animals  in- 
oculated. 

Deaths. 

Total  deaths. 

Per  cent. 

Number. 

Per  cent. 

85 

6,177 

0 

0 

0 

27 

5,335 

0. 1-  5 

107 

2.0 

11 

2,316 

5.0-10 

179 

7.7 

17 

3,364 

10.0-20 

483 

14.3 

9 

1,149 

20.0-30 

281 

24.4 

7 

869 

30.0-40 

308 

35.4 

6 

879 

42.7-62 

516 

59.0 

162 

20,089 

1,876 

9.3 

The  results  are  about  uniform  in  all  the  reports,  which  in  all  cover 
over  250,000  animals.  The  average  mortality  in  the  inoculated  herds 
remains  stationary,  about  8  to  9  per  cent. 

SELECTION  OF  HOGS  FOR  THE  PRODUCTION  OF  SERUM. 

Experiments  were  conducted  with  various  breeds  of  hogs  such  as 
the  Hungarian  Mangolicza,  Yorkshire,  Berkshire,  and  Poland-China. 
While  the  quality  of  the  serum  proved  in  all  instances  satisfactory, 
nevertheless  the  quantitative  production  of  the  serum  from  these  dif- 
ferent breeds  varied,  particularly  from  the  tail  bleedings.  The  amount 
of  blood  which  could  be  obtained  was  considerably  less  in  the  English 
breeds  than  in  the  Mangolicza.  This  can  be  principally  attributed 
to  the  thin  and  wiry  structure  of  the  tail  in  the  English  breeds,  while 
in  the  Hungarian  breeds  it  is  much  thicker  and  looser.  Besides,  the 
constitution  of  the  finer  bred  hogs  is  more  delicate,  and  they  do  not 
stand  rough  handling  in  the  attempt  to  secure  them  for  the  different 
operations  as  well  as  the  tougher  Hungarian  breed. 
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During  the  preparation  of  the  hogs  for  the  production  of  serum 
they  are  fed  only  lightly,  as  it  is  desired  that  they  should  not  become 
fat,  but  at  the  same  time  that  they  should  remain  in  good  condition. 
The  food  which  they  receive  consists  of  10  parts  of  ground  corn  and 
3  parts  of  bran  mixed  with  water.  In  addition  to  this,  ordinary  dry 
corn  is  also  given. 

EXPERIMENTS  WITH   THE  SIMULTANEOUS   METHOD   OF   INOCULA- 

TION. 

On  inquiry  as  to  whether  the  so-called  simultaneous  method  of 
inoculation  (i.  e.,  the  simultaneous  injection  of  virus  or  blood  of  dis- 
eased hogs  and  the  serum)  is  applied  in  Hungary,  the  writer  was 
informed  by  Prof.  Hutyra  that  this  method  had  been  tried  and  that 
the  recent  results  were  highly  satisfactory.  The  first  experiments  in 
the  latter  part  of  1909  were  very  unsatisfactory;  as  the  result  of 
this  simultaneous  inoculation  18  to  20  per  cent  of  the  animals  died. 
Since  then,  however,  the  dose  of  the  virus  has  been  reduced  to  1  c.  c, 
and  the  results  have  been  very  gratifying,  and  this  method  of  im- 
munization has  been  used  in  practice  on  over  3,000  hogs.  This  work 
is  under  the  direct  supervision  of  the  serum  institute.  In  recent  work 
only  3  animals  died,  which  constitutes  about  0.1  per  cent  of  the 
number  inoculated. 

DISPOSAL  OF  MEAT  OF  HOGS  USED  IN  SERUM  PRODUCTION. 

The  carcasses  of  hogs  used  in  the  production  of  serum  are  disposed 
of  in  accordance  with  the  regulations  in  existence  for  the  disposal 
of  carcasses  affected  with  hog  cholera  (swine  plague). 

Those  carcasses  which  supplied  the  blood  used  for  the  production 
of  virus  and  which  were  killed  in  the  acute  stage  of  the  disease  are 
judged  by  the  extent  of  the  lesions  existing  in  the  carcass.  Thus,  if 
the  septicemic  lesions  are  of  such  a  character  as  would  demand  con- 
demnation according  to  the  regulations,  the  carcass  is  condemned. 
However,  if  the  lesions  are  more  or  less  confined  to  the  skin  or  affect 
only  slightly  the  visceral  organs,  the  animals  are  passed  for  meat  of 
inferior  quality  which  is  then  sold  under  declaration  of  its  quality. 

On  the  other  hand,  all  carcasses  which  were  hyperimmunized  are 
passed  for  food  without  any  restrictions.  This,  of  course,  reduces 
considerably  the  expense  of  the  production  of  the  serum. 

PRICE  OF  SERUM,  ETC. 

The  institute  charges  for  the  serum  a  price  of  1  crown  (equivalent 
to  20  cents  in  American  money)  per  dose.  This  price  is  said  to  be 
sufficient  to  cover  the  expense  of  production,  and  on  this  basis  the 
institute  can  be  conducted  without  any  great  deficit. 
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The  staff  of  the  serum  institute  at  Budapest  consists  of  three  vet- 
erinarians, one  of  whom  is  in  charge  of  the  establishment,  and  three 
assistants  who  are  laboratory  helpers.    Seven  men  perform  the  work 

I  of  laborers. 

'  It  is  gratifying  not  only  that  the  work  of  the  Bureau  of  Animal 

I  Industry  regarding  immunization  against  hog  cholera  has  been  con- 

firmed by  the  Hungarian  scientists,  but  that  the  discovery  is  being 

j  utilized  successfully  in  protecting  and  restoring  the  hog-raising  in- 

(  dustry  in  Hungary, 
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PRIMARY  SPLENOMEGALY  IN  SHEEP. 

By  L.  Ends  Day,  V.  S.. 
Veterinary  inttpector  in  charge  of  branch  pathological  laboratory,  Chicago,  III, 

INTRODUCTORY. 

During  the  past  quarter  of  a  century  a  very  limited  literature  has 
sprung  up  dealing  with  the  very  interesting  pathological  process 
known  as  splenomegaly  in  man.  Splenomegaly  as  a  distinct  patho- 
logical process  was  first  described  by  Gaucher^  in  1882,  and  after- 
wards by  Picou  and  Ramond,^  Collier,'  Bovaird,*  Brill,  Mandle- 
baum,  and  Libman.*^  These  writers  describe  the  affection  as  a  chronic 
slow-progressive  disease  of  early  childhood,  usually  affecting  young 
girls  under  6  or  7  years  of  age.  One  of  the  cases  reported  by  Brill, 
Mandlebaum,  and  Libman  was,  however,  first  noticed  in  a  young  man 
19  years  of  age^ 

The  first  symptoms  usually  observed  in  children  are  enlargement 
of  the  spleen  and  liver;  in  some  of  the  cases  reported  there  was  an 
enlargement  of  the  tonsils  and  axillary  and  inguinal  lymph  nodes. 
During  the  early  stages  of  the  disease  the  appetite  is  usually  good 
and  excretions  are  apparently  normal.  During  the  latter  stage  of 
the  disease  the  abdomen  becomes  very  much  enlarged,  the  enlarge- 
ment being  due  to  the  enormous  size  of  the  spleen  and  liver,  and 
there  are  general  emaciation,  light-yellow  or  brown  pigmentation  of 
the  exposed  skin,  more  especially  over  the  nose  and  temporal  bones, 
constant  constipation,  and  frequent  epistaxis. 

The  most  marked  changes  on  post-mortem  are  found  in  the  spleen, 
the  liver,  and  the  mesenteric  lymph  nodes.  The  spleen  is  enormously 
enlarged ;  in  Bovaird's  case  the  spleen  measures  34^  cm.  from  above 

1  (laneher,  P.  C.  E.  De  r^plthelioma  prlmitif  de  la  rate.  Hypertrophie  Idlopathique, 
de  la  rate,  sans  leuc^mie.     Tb^se  pour  le  doctorat  en  m4declne.     31  pp.     Paris,  1882. 

3  Picou,  Raymand,  and  Ramond,  Folix.  Spl^nom^galio  primitive.  Epithelioma  de  la 
rate.  Archives  de  MMecine  Exp^rlmentale  et  d*Anatomie  Pathologique,  tome  8,  No.  2, 
pp.  168-185.     Paris,  March,  1896. 

3  Collier,  William.  A  case  of  enlarged  spleen  in  a  child  aged  6.  Transactions  of  the 
Pathological  Society  of  London,  vol.  46,  pp.  148-50.     London,  1895. 

*  Bovaird,  jr.,  David.  Primary  splenomegaly — Endothelial  hyperplasia  of  the  spleen. 
Two  cases  in  children — Autopsy  and  morphological  examination  in  one.  American  Jour- 
nal of  the  Medical  Sciences,  new  series,  vol.  120,  No.  4,  pp.  377-402.  New  York  and 
Philadelphia,  October,  1900. 

s  Brill,  N.  E.,  Mandlebaum,  F.  S.,  and  Libman,  E.  Primary  splenomegaly — Gaucher 
type.  Report  on  one  of  four  cases  occurring  In  a  single  generation  of  one  family. 
American  Journal  of  the  Medical  Sciences,  new  series,  vol.  129,  No.  3,  pp.  491-504. 
New  York  and  Philadelphia,  March,  1905. 
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downward,  20  cm.  from  behind  forward,  and  11  cm.  from  without 
inward,  and  weighed  12^  pounds.  The  liver  is  also  enlarged,  in 
some  cases  weighing  as  much  as  10  pounds.  The  mesenteric  lymph 
nodes  are  enlarged,  pale,  and  edematous. 

On  microscopical  examination  the  spleen  lesions  are  found  to  con- 
sist largely  of  an  excessive  proliferation  of  the  endothelial  cells  of 
the  pulp.  These  endothelial  cells  are  usually  lai^  and  of  varied 
size  and  shape,  measuring  from  20.8  to  57.2  microns  in  diameter.  In 
some  places  these  cells  lie  free  in  spaces,  while  in  others  they  are 
associated  with  fibrous  hyperplasia.  Similar  endothelial  hyperplasia 
occurs  in  the  mesenteric  lymph  nodes  and  in  the  connective  tissue 
of  the  liver. 

This  condition,  so  far  as  the  writer  has  been  able  to  determine,  has 
not  been  reported  as  occurring  in  the  lower  animals 

OCCURRENCE  OF  THE  DISEASE  IN  A  SHEEP. 

During  the  month  of  December,  1909,  the  writer  received  for 
diagnosis  from  one  of  the  large  slaughtering  establishments  in  Chi- 
cago an  enlarged  spleen  and  liver  from  a  sheep.  After  sections  from 
the  spleen  and  liver  were  prepared  and  examined  microscopically  it 
was  found  that  the  changes  in  the  tissue  were  so  characteristic  of 
those  described  in  primary  splenomegaly  in  man  that  a  diagnosis 
of  primary  splenomegaly  was  made. 

I'OST-MORTEM    EXAMINATION. 

The  above  organs  were  removed  from  a  female  sheep  3  or  4  years 
of  age,  which  was  very  thin  in  flesh,  although  no  symptoms  of  disease 
were  observed  on  ante-mortem.  On  post-mortem  the  spleen  was 
found  to  be  very  much  enlarged  and  loosely  attached  to  the  adjacent 
viscera  by  fibrous  tissue  bands.  It  was  spherical  in  shape  and 
weighed  approximately  8  pounds.  On  closer  examination  after  ar- 
rival at  the  laboratory  it  was  noted  that  the  greatest  enlargement 
was  at  the  hilus,  the  enlargement  extending  into  the  substance  of 
the  organ  to  within  an  inch  of  the  lower  extremity  and  involving 
the  remaining  portion,  giving  it  the  appearance  of  a  slightly  flattened 
sphere.  Its  longest  diameter,  which  was  from  above  downward, 
measured  20  cm.,  and  from  the  hilus  outward  18  cm.  The  lower 
extremity  of  the  spleen  was  normal  in  thickness  for  about  3  cm., 
when  it  expanded  very  abruptly  and  became  entirely  lost.  Upon  the 
surface  of  the  organ  were  many  fibrous  adhesions  which  were  divided 
when  it  was  removed,  except  over  the  diaphragmatic  surface,  which 
was  firmly  attached  to  the  diaphragm. 

The  capsule  was  very  much  thickened  and  fibrous  over  the  en- 
larged portion.    Where  it  was  in  contact  with  the  diaphragm  the 
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capsule  was  ^  cm.  thick,  while  the  remainder  was  from  1  to  2  mm. 
in  thickness.  The  surface  was  mottled  in  color,  light  to  dark  gray, 
the  color  depending  upon  the  thickness  of  the  fibrous  capsule.  On 
section  the  appearance  of  the  organ  varied  greatly  in  different  parts. 
In  the  center  it  was  yellowish  gray  in  color  and  quite  firm  and  re- 
sistant. This  condition  extended  to  within  about  4  cm.  of  the  periph- 
ery. The  center  was  made  up  principally  of  a  meshwork  of  fibrous 
tissue,  which  contained  here  and  there  small  islands  from  ^  to  1 
cm.  in  diameter  which  were  composed  of  a  reddish-brown  substance 
resembling  splenic  tissue. 

The  periphery  was  reddish  brown  in  color,  pultaceous  in  character, 
resembling  normal  splenic  tissue,  which  was  divided  into  small  areas 
from  3  to  15  mm.  in  diameter  by  bands  of  fibrous  tissue  extending 
from  the  central  portion  to  the  thickened  capsule. 

The  liver  was  normal  in  size  and  general  shape.  On  the  surface 
were  many  irregular,  bosselated  areas,  from  ^  to  6  cm.  in  diameter, 
which  were  dark  brown  in  color  and  slightly  softer  than  the  sur- 
rounding tissue.  These  areas  were  more  numerous  in  the  right  and 
Spigelian  lobe  than  in  the  left  lobe  of  the  liver.  Aside  from  these 
changed  areas  the  color  and  texture  of  the  viscus  appeared  normal. 

On  section  the  smaller  areas  were  slightly  pultaceous  in  character 
and  reddish  brown  in  color.  The  centers  of  the  larger  areas  were 
dark  gray  in  color,  firm  and  fibrous,  peripheries  of  the  larger  areas 
were  reddish  brown  in  color,  quite  soft,  and  were  divided  into  small 
masses  by  fibrous  bands  extending  from  the  fibrous  center  to  the 
periphery. 

Viewing  the  cut  surface  of  one  of  the  largest  areas  of  the  liver  as 
a  whole,  its  appearance  was  very  similar  to  that  of  the  spleen,  only, 
of  course,  much  smaller,  as  those  areas  were  only  about  6  cm.  in 
diameter. 

MICROSCOPIC  APPEARANCE. 

Sections  were  taken  from  the  center  and  from  the  periphery  of 
the  spleen,  also  from  several  of  the  changed  areas  in  the  liver.  They 
were  fixed  in  Zenker's  fluid  and  in  formalin,  and  embedded  in  paraf- 
fin or  celloidin,  and  stained  with  hematoxylin  and  eosin. 

Sections  from  the  outer  part  of  the  spleen  have  a  very  different 
appearance  from  those  of  the  central  part.  Nearly  all  of  the  central 
part,  which  will  be  described  more  fully  later,  is  necrotic.  The  outer 
part  of  the  organ  consists  of  large,  irregular,  oval,  or  polyhedral 
spaces,  some  of  which  are  filled  with  blood,  others  with  blood  and 
large,  brightly  staining  cells,  resembling  endothelial  cells.  These 
cells  have  a  moderate  amount  of  protoplasm.  The  largest  cells 
measure  from  21.84  to  24.96  microns  in  diameter,  and  the  smallest 
from  8.39  to  9.36  microns  in  diameter.    The  nuclei  contain  a  large 
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amount  of  chromatin,  and  stain  deep  with  hematoxylin.  The  largest 
are  from  10  to  15.6  microns  in  diameter,  the  smallest  6.39  microns  in 
diameter.  The  smallest  cells  are  mononuclear,  many  of  the  largest 
cells  have  two  nuclei,  and  many  have  nucleoli.  The  spaces  are  sur- 
rounded by  fibrous  conijective  tissue.  In  many  places  fibrous  con- 
nective tissue  bands  extend  across  the  larger  spaces,  dividing  them 
into  smaller  spaces.  Scattered  through  all  of  the  changed  tissue  are 
deposits  of  dark  pigment.  Sections  were  tested  for  iron  according 
to  Stieda's  method,  but  only  a  trace  was  found.  Sections  from  the 
lighter  colored  central  portion  of  the  spleen,  which  did  not  contain 
any  of  the  small  reddish-brown  areas,  have  become  necrotic  This 
portion  of  the  organ  is  made  up  largely  of  fibrous  tissue  which  sur- 
rounds small  islands  of  splenic  tissue.  These  areas  are  from  J  to 
2  mm.  in  diameter,  and  are  made  up  of  loosely  formed  recticular 
tissue,  with  meshes  varying  from  0.089  to  0.8  mm.  in  diameter. 
Many  of  the  meshes  contain  large  degenerated  cells,  others  contain 
blood  spaces.  All  of  the  cell  nuclei  in  the  necrotic  areas  stain  very 
pale,  and  in  most  places  it  is  very  difficult  to  make  out  the  outlines 
of  the  cells  or  their  nuclei.  Scattered  through  this  necrotic  tissue 
are  deposits  of  dark  pigment,  which  in  places  is  collected  in  small 
masses;  in  other  parts  it  appears  as  very  fine  granules,  which  are 
quite  evenly  distributed. 

The  dark-colored  islands  which  are  scattered  here  and  there 
through  the  central  portion  of  the  spleen  have  the  appearance  of 
changed  Malpighian  corpuscles.  At  or  near  the  center  of  these  areas 
is  an  artery  with  moderately  thick  walls.  Collected  around  this 
artery  are  many  large  endothelial  cells  like  those  described  in  the 
periphery  of  the  enlarged  spleen.  Lying  between  the  large  cells  are 
a  few  lymphocytes,  also  red  blood  corpuscles.  There  is  quite  a  wide 
space  which  is  filled  with  blood  between  the  outer  margins  of  the 
changed  areas  and  the  necrotic  tissue. 

Sections  from  the  small  altered  areas  in  the  liver  showed  the  same 
change  as  those  described  in  the  outer  portion  of  the  spleen.  The 
periphery  of  the  larger  areas  corresponded  with  that  of  the  spleen, 
while  the  dark-gray  central  portion  corresponded  in  structure  with 
the  central  portion  of  the  spleen,  which  had  become  necrotic.  The 
hepatic  lymph  nodes  showed  a  hyperplasia  of  the  connective-tissue 
elements,  but  otherwise  they  appeared  normal. 
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OUR  PRESENT  KNOWLEDGE  OF  THE  DISTRIBUTION  AND 
IMPORTANCE  OF  SOME  PARASITIC  DISEASES  OF  SHEEP 
AND  CATTLE  IN  THE  UNITED  STATES. 

By  Maubice  C.  Hall, 
•  Assistant  Zoologist,  Zoological  Divisicfn, 

IMPORTANCE  OF  PARASITIC  DISEASES. 

The  importance  of  diseases  due  to  animal  parasites  is  not  gwierally 
appreciated.  This  is  largely  due  to  the  fact  that  the  diseases  and  the 
parasites  are  not  well  understood.  The  parasitic  diseases  with  which 
people  in  general  are  familiar  are  those  due  to  bacteria.  It  is  under- 
stood that  bacteria,  though  omnipresent,  are  very  small,  and  that 
certain  apparatus  is  necessary  in  order  to  see  them.  No  such  under- 
standing exists  in  the  case  of  the  worm  parasites,  and  since  these  do 
not  intrude  themselves  on  the  attention  of  the  casual  observer  it 
seems  to  be  more  or  less  assumed  that  these  parasites  are  compara- 
tively rare,  that  they  are  of  importance  only  to  the  specialist  or  to 
persons  geographically  remote.  As  a  matter  of  fact,  parasites  which 
are  comparatively  common  and  large  enough  to  be  readily  seen  may 
be  easily  overlooked  unless  looked  for,  and  looked  for  intelligently. 

One  reason  why  people  in  this  country  fail  to  understand  the 
nature  and  importance  of  parasites  is  that  there  are  so  few  students 
of  the  subject  in  the  United  States.  Not  only  are  there  few  Ameri- 
can specialists  in  this  field,  but  our  physicians  and  veterinarians  pay 
less  attention  to  this  subject  than  do  the  European  physicians  and 
veterinarians.  It  follows,  here  as  elsewhere,  that  where  there  is  a 
lack  of  accurate  information  there  is  an  abundance  of  inaccurate 
belief,  among  others  a  belief  in  the  infrequency  and  harmlessness  of 
parasitic  infection.  A  feature  which  favors  this  condition  of  affairs 
is  the  fact  that  infection  with  worm  parasites  can  hardly  be  de- 
tected in  many  cases  on  the  basis  of  definite  clinical  symptoms,  as 
bacterial  diseases  can,  but  depends  for  its  detection  on  the  findings 
of  fecal,  urine,  blood,  and  sputum  examinations,  or  even  the  examina- 
tion of  the  flesh,  as  in  the  case  of  infection  with  trichinae  or  certain 
bladder  worms. 

It  is  encouraging  to  note  that  while  we  are  still  far  from  a  general 
appreciation  of  the  importance  of  parasitic  diseases,  there  is,  never- 
theless, a  growing  appreciation.  In  this  country  an  increasing  knowl- 
edge of  this  subject  is  to  some  extent  merely  our  part  of  the  growing 
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understanding  of  the  world.  The  unusually  large  part  which  para- 
sites play  in  the  field  of  tropical  medicine  has  compelled  physicians 
and  veterinarians  everywhere  to  pay  some  attention  to  this  allied 
branch  of  zoology.  In  our  own  country  the  scientific  interest  of  such 
workers  has  been  given  point  by  our  acquisition  of  Porto  Rico  and 
the  Philippines,  by  the  work  against  malaria  and  yellow  fever,  and 
by  the  educational  campaign  against  the  hookworm  in  the  Southern 
States.  The  United  States  Department  of  Agriculture,  the  State 
experiment  stations,  and  the  farm  and  stock  periodicals  have  in- 
sisted on  the  importance  of  the  stomach  and  nodular  worms  of  sheep 
imtil  the  farmer  and  stockman  have  become  acquainted  with  them 
as  facts,  even  if  they  still  fail  in  many  cases  to  know  the  things 
themselves. 

These  parasites  which  are  to  some  extent  known  are  but  a  small 
part  of  the  total  number  which  affect  man  and  the  domestic  animals. 
The  two  hosts  which  are  to  be  considered  in  this  paper,  the  sheep 
and  the  cow,  are  afflicted  by  a  large  number  of  parasites.  These 
parasites  are  external  and  internal.  Some  cause  only  a  comparatively 
slight  annoyance  or  physiological  disturbance;  others,  unless  inter- 
fered with,  will  kill  every  animal  attacked  by  them.  They  include 
numerous  species  of  protozoa  (one-celled  animals),  trematodes 
(flukes),  cestodes  (tapeworms),  nematodes  (roundworms  or  thread- 
worms), insects,  and  arachnids  (mites  and  ticks).  The  Texas-fever 
parasite,  Piroplasma  higeminum^  is  the  most  important  protozoan 
parasite  of  cattle  in  this  country.  There  are  no  protozoan  parasites 
of  sheep  in  the  United  States  that  are  known  to  be  of  importance  at 
present.  Our  cattle  are  infected  with  at  least  three  flukes  and  our 
sheep  with  two;  two  of  these  are  of  known  importance.  Our  cattle 
are  infected  with  three  larval  and  two  adult  tapeworms,  and  our 
sheep  with  three  larval  and  four  adult  tapeworms.  According  to 
Eansom^  (1911),  the  digestive  tract  of  American  sheep  is  infested 
with  22  2  nematodes  and  that  of  the  cow  with  12.  Other  nematodes 
infest  the  lungs,  body  cavity,  etc.  Numerous  flies  and  lice  attach 
themselves  temporarily  to  our  cattle  and  sheep,  and  some  of  the  flies 
pass  their  larval  stages  within  their  bodies.  A  number  of  ticks 
attack  American  cattle  and  sheep,  one  of  them  being  the  carrier  of 
the  Texas-fever  parasite  of  cattle,  and  there  are  a  number  of  mites 
which  cause  the  several  varieties  of  scab  and  mange  in  the  sheep 
and  the  cow. 

Any  one  parasite  may  occur  on  or  in  an  animal  in  such  numbers 
or  under  such  circumstances  as  to  cause  severe  injury  or,  in  many 

1  References  to  literature  may  be  found  In  the  bibliography  at  the  end  of  this  paper  or 
In  Bureau  of  Animal  Industry  Bulletin  39,  "  Index-Catalogue  of  Medical  and  Veterinary 
Zoology."  Only  references  not  appearing  la  the  Index-Catalogue  are  given  In  the 
bibliography. 

SA  new  species,  bringing  up  this  total  to  23,  has  been  discovered  In  Colorado  sheep  by* 
the  writer. 
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cases,  death.  Thus  the  Texas- fever  parasite  multiplies  in  the  blood 
of  cattle  to  a  point  where  it  often  causes  death.  Liver  flukes  obstruct 
the  flow  of  bile,  destroy  the  liver  tissue,  and  very  commonly  kill  the 
infected  animals.  The  gid  parasite  destroys  the  brain  tissue  and 
thereby  injures  the  nervous  mechanism  to  the  point  where  the  sheep 
is  no  longer  able  to  eat  and  spends  its  time  in  a  monotonous  and 
continuous  repetition  of  some  automatic  or  reflex  action  until  it  dies 
of  starvation  or  the  cessation  of  some  vital  activity  dependent  on 
some  injured  brain  part.  Nematode  parasites  of  the  digestive  tract 
of  sheep  frequently  occur  in  large  numbers.  The  writer  has  collected 
3,915  stomach  worms  and  981  hookworms  from  one  sheep  and  4,350 
stomach  worms  and  296  hookworms  from  another.  There  are  often 
thousands  of  such  small  nematodes  as  Strorvgyloides  in  the  sheep, 
and  yet  such  an  infection  will  be  easily  overlooked  unless  carefully 
searched  for.  As  many  as  60  to  80  grubs  of  the  sheep  gadfly, 
(Estrus  ovisj  have  been  taken  from  the  head  of  a  sheep.  Such  massive 
infections  with  grubs  or  nematodes  can  not  fail  to  result  in  injury 
or  even  death.  Even  relatively  light  infections  are  apparently  suffi- 
cient to  cause  the  death  of  an  animal  under  adverse  weather  con- 
ditions or  during  periods  when  food  is  scarce,-  while  uninfected  or 
less  infected  animals  manage  to  survive. 

DESIRABILITY  OF  A  STUDY  OF  DISTRIBUTION. 

It  is  highly  desirable  that  we  should  know  the  distribution  of  a 
parasite.  Knowing  the  distribution,  we  would  have  valuable  data 
as  to  its  economic  importance.  We  would  know  whether  it  is  of  local 
or  limited  importance,  or  of  general  importance.  With  such  knowl- 
edge the  stockman  would  know  what  parasites  were  to  be  guarded 
against  as  being  already  in  his  neighborhood  and  what  were  to  be 
guarded  against  in  shipping  in  stock  from  other  places.  A  fairly 
complete  record  of  distribution  would  indicate  foci  of  infection 
and  awaken  the  interest  of  persons  resident  at  such  foci.  Such  a 
record  is  essential  in  campaigns  of  eradication,  as  we  know  from 
experience  with  the  hookworm  disease,  sheep  scab,  and  Texas  fever, 
three  of  the  best  known  of  the  diseases  due  to  animal  parasites. 
From  a  scientific  standpoint  such  records  would  be  valuable  as  show- 
ing whether  the  conditions  necessary  for  a  parasite's  life  cycle  exist 
only  in  a  restricted  area  or  over  practically  the  entire  country. 

When  these  things  were  known,  certain  lines  of  action  previously 
impossible  or  not  definitely  indicated  would  become  possible  and 
definitely  desirable.  Knowing  the  distribution  and  economic  im- 
portance of  a  parasite,  we  would  know  how  much  we  might  fairly 
emphasize  the  subject  and  to  what  localities  an  educational  campaign 
should  be  directed.  In  this  way  the  forces  that  would  otherwise  be 
wasted  in  a  misdirected  effort  at  points  where  a  given  parasite  did 
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not  exist  would  be  conserved  and  expended  over  infected  areas. 
Parasites  that  have  not  yet  been  distributed  over  the  entire  country 
could  then  be  restricted  to  the  places  where  they  have  a  foothold, 
and  in  time  eradicated  from  these  places.  From  a  scientific  stand- 
point a  knowledge  of  the  distribution  of  a  parasite  would  probably 
throw  some  light  on  its  habits  and  its  life  history,  and  perhaps  indi- 
cate a  corresponding  distribution  of  intermediate  hosts  or  of  other 
conditions  requisite  for  the  life  cycle.  This  in  turn  would  permit 
of  outlining  more  adequate  means  of  prophylaxis. 

LACK  OF  DATA. 

With  such  rare  excgi)ti()ns  as  in  the  case  of  Texas  fever  and  sheep 
scab,  which  are  matters  of  quarantine,  hookworm  disease  of  man, 
which  is  now  a  matter  of  special  study  and  investigation  under  the 
Rockefeller  fund,  and  the  yellow-fever  mosquito,  which  was  investi- 
gated by  Howard  (1905)  in  connection  with  the  yellow-fever  work 
of  the  Public  Health  and  Marine-Hospital  Service,  the  study  of  the 
distribution  of  the  parasites  of  man  and  the  domestic  animals  in 
the  United  States  has  not  been  undertaken.  One  reason  for  this  is 
that  the  data  necessary  for  a  satisfactory  study  are  not  yet  available. 
The  preliminary  work  of  the  amateur  and  professional  collector, 
the  contributor  of  short  notes  and  records,  has  not  been  done.  In 
fact,  the  amateur  collector  of  parasites  in  this  country  is  practically 
an  unknown  quantity,  and  the  professional  workers  are  few  and, 
unfortunately  for  this  purpose,  concentrated  largely  in  one  place. 
Considerable  material  has  been  collected  in  the  Government  labora- 
tories at  Washington,  some  of  it  being  sent  in  from  outside  places 
and  thereby  affording  some  data.  The  value  of  these  data  is  often 
lessened  by  a  possible  or  evident  unreliability  on  the  part  of  the 
collector,  who  is  often  not  even  an  amateur  in  the  best  sense  of  the 
word,  but  merely  the  casual  collector  of  a  strange  object  which  has 
caught  the  attention.  Many  of  those  outside  records  tell  practically 
nothing  about  distribution,  as  the  parasites  were  collected  in  the 
slaughterhouses  at  big  packing  centers,  and  the  locality  to^  which 
the  infection  should  be  referred  is  unknown.  In  our  literature  we 
have  very  few  records  made  by  specialists  at  universities,  and  of  the 
limited  records  of  the  physicians,  veterinarians,  and  experiment- 
station  workers  a  large  amount  is  casual,  indefinite,  or  unreliable. 

Nevertheless,  in  spite  of  the  lack  of  such  data  as  would  serve  to 
give  a  fairly  complete  statement  of  the  distribution  of  a  parasite,  it 
is  still  desirable  that  a  preliminary  and  necessarily  incomplete  state- 
ment be  made.  In  the  first  place^  such  a  preliminary  statement  fur- 
nishes a  considerable  incentive  for  additional  records.  Most  persons 
would  be  willing  to  record  the  finding  of  a  zoological  specimen  if 
they  thought  the  record  would  serve  any  purpose,  or  would  send  it  to 
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a  specialist  if  they  thought  he  could  use  it  or  would  want  it.  The 
idea  that  the  specimen  is  probably  of  no  interest  or  value  usually 
prevails  and  the  matter  ends  there.  The  more  commcm  a  specimen 
is  to  a  collector,  the  less  value  or  importance  he  will  attach  to  it 
Many  do  not  know  that  records  of  occurrence  are  of  real  value,  or 
appreciate  that  the  fact  that  a  species  is  common  is  apt  to  indicate 
that  it  is  of  economic  importance.  It  is  furthermore  impossible  for 
most  persons  to  look  up  the  scattered  literature  to  see  whether  a 
species  is  recorded  from  a  given  locality,  owing  to  the  lack  of  litera- 
ture, time,  or  inclination.  When  a  preliminary  statement  of  the  dis- 
tribution is  available,  it  is  easy  to  determine  whether  a  parasite  has 
been  recorded  from  a  given  locality,  and  there  is  incentive  to  make 
such  a  record  if  it  has  not  been  made,  or  to  fill  gaps  in  the  record  from 
literature  that  has  been  overlooked.  Conversely,  such  records  of  dis- 
tribution serve  as  a  ^ide  in  looking  for  parasites,  since  they  show 
that  a  given  parasite  has  been  found  at  a  given  point  and  may  be 
expected  to  occur  there  again,  or  that  it  has  not  been  found  and  that 
the  finding  will  be  an  addition  to  our  knowledge.  Incidentally  it 
may  be  said  that  in  this  country  many  parasites,  as  well  as  many 
findings,  would  be  new. 

As  an  illustration  of  the  utility  of  such  a  preliminary  survey,  we 
may  take  the  work  on  the  hookworm.  With  the  preliminary  records 
of  Stiles  (1902  hh,  1903  1,  et  al.)  it  was  possible  for  various  physi- 
cians to  add  intelligently  to  the  records,  thus  mapping  out  the  in- 
fected areas.  Conversely,  it  led  physicians  to  look  for  the  hookworm 
in  those  States  from  which  it  was  recorded  or  where  the  records  indi- 
cated that  it  would  be  found,  for  such  records  indicate  possibilities 
and  probabilities  in  addition  to  showing  known  facts. 

THE  PRESENT  STUDY. 

It  is  almost  impossible  at  the  present  time  for  anyone,  even  though 
in  close  touch  with  the  parasite  work  of  this  country,  to  say  out  of 
hand  whether  a  given  parasite  occurs  in  a  given  State,  or  to  give  the 
range  of  a  parasite,  or  name  the  parasite  fauna  of  a  State,  even  for 
parasites  of  considerable  importance.  It  would  be  a  work  of  years  to 
get  such  a  statement  for  all  the  parasites  of  recognized  economic  im- 
portance. It  is  hoped  that  the  present  paper  will  serve  as  a  nucleus 
for  such  a  work,  and  that  those  who  come  in  contact  with  parasites 
may  be  induced  to  group  new  records  around  these.  This  paper  is 
limited  in  its  scope  to  nine  of  our  more  important  and  representative 
parasites.  Even  within  these  limits  it  is  admittedly  incomplete. 
The  papers  from  which  it  is  compiled  in  part  are  scattered  and  unre- 
lated for  the  most  part,  and  it  is  out  of  the  question  to  get  hold  of  all 
the  papers  that  would  add  to  our  knowledge  of  the  distribution  of 
these  parasites.    This  incompleteness  is  itself  an  additional  reason 


Digitized  by  LjOOQ IC 


424  27TH  REPORT,  BUREAU  OF  ANIMALr  INDUSTRY. 

for  making  this  preliminary  record.  It  should  lead  to  filling  the 
gaps  which  are  due  to  the  writer's  failure  to  take  cognizance  of  pub- 
lished records,  and  those  which  are  due  to  an  actual  lack  of  records, 
much  sooner  than  would  be  the  case  if  this  compilation  were  not 
made.  It  is  hoped  that  in  time  sufficient  data  will  be  available  to 
permit  of  a  biological  survey  such  as  is  possible  with  our  bird,  mam- 
mal, or  insect  fauna.  Of  course,  such  a  survey  would  be  very  defi- 
nitely limited  and  modified  by  the  dominating  condition  of  parasitism. 

THE  MAPS. 

It  is  essential  in  work  of  this  sort  that  the  distribution  be  graph- 
ically shown  by  the  use  of  maps.  At  the  same  time,  maps  based  on 
inadequate  data  must  be  inaccurate,  a  fact  which  must  be  kept  in 
mind  in  using  these  maps.  For  one  thing,  it  is  out  of  the  question  in 
all  cases  to  take  cognizance  of  small  uninfected  areas  which  care  or 
accident  has  kept  free  from  infection  although  surrounded  by  in- 
fected areas.  For  the  most  part  it  is  also  impossible  to  indicate  on 
a  map  those  areas  which  are  uninfected  for  the  reason  that  the  host 
animal  in  question  does  not  exist  within  that  area.  Finally,  a  sweep- 
ing statement  to  the  effect  that  a  parasite  causes  severe  loss  over  an 
entire  State  must  be  transferred  to  the  map  in  symbols  indicating 
that  the  entire  State  is  infected,  whereas  there  might  perhaps  be 
fewer  counties  infected  than  in  some  other  State  where  more  careful 
work  and  more  adequate  and  exact  data  have  shown  only  a  part  of 
the  State  to  be  infected.  The  nature  of  our  data  from  any  given 
locality  is  indicated  as  exactly  as  is  possible  with  the  use  of  a  limited 
number  of  symbols.  Where  a  map  record  is  not  referred  to  in  the 
text  the  record  has  usually  been  made  from  the  official  letter  files  of 
the  bureau. 

DISTRIBUTION   OF  SOME  SHEEP  AND  CATTLE  PARASITES. 

The  parasites  which  have  been  selected  for  study  as  regards  their 
distribution  in  the  United  States  include  representatives  of  the  vari- 
ous parasitic  groups.  They  are  also  some  of  the  best  known  and 
most  important  parasites  in  their  groups,  as  far  as  this  country  is 
concerned.  Some  of  them  are  apparently  spreading,  others  are  being 
eradicated,  while  it  is  impossible  to  t^U  about  others,  owing  to  the 
lack  of  data  covering  their  distribution  in  the  past. 

The  parasites  in  question  are:  Piroplasma  higemimtm^  the  proto- 
zoan which  causes  Texas  fever  in  cattle;  Fasciola  Tiepatica  and  F. 
Tnoffna,  the  flukes  responsible  for  liver  rot  in  sheep  and  cattle;  Multi- 
ceps  multiceps^  the  larval  tapeworm  causing  gid  in  sheep ;  TKymno- 
soma  acfinioides^  the  fringed  tapeworm  of  the  bile  ducts  and  intes- 
tines of  sheep;  Hcemonchua  contortus^  the  stomach  worm  of  sheep; 
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(Esophagostomum  cohimhianuTn^  the  nodular  worm,  a  nematode  caus- 
ing nodular  disease  or  "  knotty  guts  "  in  sheep ;  (Estnis  ovis,  the  sheep 
gadfly,  which  passes  its  larval  stage  in  the  nostrils  and  frontal  sinuses 
of  the  sheep  under  the  name  of  "  grub  in  the  head ;  "  and  Psoroptes 
commums  ovis^  the  mite  which  causes  sheep  scab  or  scabies. 

Piroplasma  bigeminum. 

Smith  (1889  b)  first  recognized  that  the  intracorpuscular  blood 
parasites  (fig.  45)  which  occur  in  the  blood  of  cattle  affected  with 
Texas  fever  were  protozoa.  An  extensive  description  of  the  disease 
and  its  parasite  was  given  by  Smith  and  Kilborne  (1803)  in  a  work 
which  is  now  a  classic  and  rated  as  one  of  the  most  important  in  the 
field  of  protozoology.  They  proposed  the  name  Pyrosoma  bigemi- 
num^ but  the  generic  name  Pyrosoma  was  preoccupied,  as  was  the 
name  Apiosoma  proposed  in  place  of  it  by  Wandolleck.  The  name 
proposed  by  Patton,  Piroplasma^  is  commonly  accepted,  though  there 
is  a  possibility  that 


nerically     identi^l     (J    \Jj    [^  (^Z      \^    \^ 


with  forms  included 
in  the  genus  Babesia^ 
and  that  this  should 
be  the  generic  name. 

This,  however,  has  pio.  45. — ^rexas-fever  parasites  {Piroplasma  higeminum)  in 
not  vet  been  demon-  *^®  blood  corpuscles  of  an  ox.     Enlarged.     (After  Laveran 

*     ^     ^        rru   -1  and  Nicolle.) 

St  rated.    Theiler 

(1910)  notes  that  Smith  and  Kilborne  distinguished  two  forms  of 
the  parasite  in  the  blood  and  believes  that  the  small  coccuslike  forms 
at  the  margin  of  the  blood  corpuscle  are  not  parts  of  the  life  cycle 
of  the  piriform  parasite,  but  represent  a  different  parasite,  for 
which  he  proposes  the  new  generic  and  specific  name  Anaplasmxi 
marginale.  According  to  this  view,  the  Texas  fever  of  this  country 
is  the  result  of  a  mixed  infection.  It  is  as  yet  too  early  to  pass 
judgment  on  Theiler's  claims. 

When  Piroplasma  higeminnm  is  conveyed  to  the  blood  of  cattle 
by  the  bite  of  the  tick  Margaropus  aiuudatus  (PI.  XXXV,  fig.  1) 
(this  tick  is  also  known  by  the  name  BoophUus  amiulatus)^  the 
parasite  multiplies  in  the  blood  and  attacks  the  red  blood  cells. 
The  red  blood  cells  being  destroyed,  the  coloring  matter  of  the  blood 
is  excreted  by  the  kidneys  and  causes  the  red  color  of  the  urine, 
which  gives  this  disease  the  name  "  red  water."  The  disease  is 
accompanied  by  a  high  fever,  and  the  animal  becomes  thin.  Mohler 
(1905)  states  that  death  occurs  in  from  10  per  cent  of  the  chronic 
to  90  per  cent  of  the  acute  cases.    The  chronic  cases  are  found  among 
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southern  cattle  which  are  infested  with  the  fever  tick  from  birth  or 
in  cases  usually  appearing  in  late  autumn  or  early  winter;  acute  cases 
occur  among  cattle  not  naturally  immune  which  are  subjected  to 
heavy  infestation,  usually  in  summer. 

The  great  losses  due  to  Texas  fever,  the  ease  with  which  the  dis- 
ease can  be  recognized  clinically,  and  the  fact  that  it  depends  for 
its  spread  upon  a  specific  carrier,  the  Texas  fever  tick,  and  can  there- 
fore be  prevented  from  spreading  by  such  a  simple  routine  procedure 
as  dipping  and  thereby  destroying  the  ticks,  early  led  to  this  disease 
becoming  a  subject  of  quarantine.  As  a  result  it  was  soon  confined 
to  the  territory  in  which  it  was  properly  enzootic,  and  the  distribu- 
tion of  the  disease  can  be  found  at  once  by  reference  to  the  quaran- 
tine lines  which  separate  the  infected  southern  part  of  the  United 
States  from  the  uninfected  northern  part.  (See  fig.  46.)  As  will 
be  seen  by  the  map,  there  are  a  few  small  infected  areas  just  north 
of  the  principal  infected  area  and  surrounded  by  uninfected  terri- 
tory. Along  the  northern  edge  of  the  quarantined  area  the  disease 
is  being  stamped  out  as  rapidly  as  possible  under  the  direction  of 
State  and  Federal  authorities,  especial  attention  being  paid  to  the 
eradication  of  the  tick.  As  soon  as  areas  south  of  the  line  and  bor- 
dering on  it  are  tick  free  the  line  is  moved  south  of  these  areas  and 
the  restrictions  on  shipment  imposed  by  the  quarantine  are  removed. 
These  restrictions  require  that  shipments  from  January  31  to  Novem- 
ber 1  be  made  only  under  certain  specified  conditions. 

Previous  to  the  establishment  of  the  quarantine  line  no  State  in 
the  Union  could  be  considered  free  from  Texas  fever.  Practically 
every  shipment  of  southern  cattle  left  the  disease  among  the  cattle 
of  the  States  through  which  they  were  shipped.  This  was  due  to 
the  fact  that  infected  ticks  dropped  off  in  transit,  and  larvae  hatching 
from  the  eggs  laid  by  the  engorged  females  attached  to  northern 
cattle  and  thereby  conveyed  to  them  the  Piroplasma  higerrvinum. 
Salmon  (1885),  in  the  first  report  of  the  Bureau  of  Animal  Industry, 
records  the  establishment  of  the  boundary  of  the  permanently  in- 
fected region  in  the  United  States  east  of  the  Mississippi  River. 
The  boundary  line  as  thus  established  extended  across  Virginia, 
North  Carolina,  the  northern  end  of  Georgia,  and  Tennessee.  On 
July  3,  1889,  the  first  Federal  quarantine  on  account  of  Texas  fever 
was  declared  in  an  order  issued  by  the  Secretary  of  Agriculture,  the 
quarantine  line  extending  across  Arkansas,  the  Indian  Territory,  and 
Texas.  The  line  was  altered  somewhat  by  Secretary  Rusk's  order 
of  February  24,  1890.  On  February  5,  1891,  the  quarantine  line, 
with  some  alterations,  was  extended  east  along  the  southern  boundary 
of  Kentucky  and  across  Virginia  to  the  Atlantic  Ocean.  The  line 
was  finally  established  across  California,  and  so  from  coast  to  coast, 
by  Secretary  Morton's  order  of  February  5, 1895. 
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PLATE  XXXV. 


Fig.  1  .—Full-Grown  Female  Tick  (Maroaropus  annulatus),  Engorged  and 
Ready  to  Drop  to  Ground  and  Deposit  Eggs. 

(From  Farmers*  Bulletin  378.) 


Fig.  2.— The  Gid  Parasite  (Multiceps  multiceps)  from  Brain  of  Sheep. 
(From  Bureau  of  Animal  Industry  Circular  1(V5.) 
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Mohler  (1905)  says  that  the  estimated  loss  to  the  infected  district 
from  Texas  fever  is  $40,000,000  per  amium,  with  an  additional 
$23,250,000  loss  in  lowered  assets.  These  figures  are  sufficient  to 
show  the  magnitude  and  importance  of  this  disease.  It  limits  the 
southern  stockman  and  farmer  in  disposing  of  their  sfock,  in  ship- 
ping in  cattle  to  improve  their  herds,  and  in  holding  fairs  and 

exhibitions  of  stock. 

Fasciola  hepatica. 

This  is  the  common  liver  fluke  of  sheep.  It  has  been  found  in 
sheep  in  practically  all  countries  where  sheep  are  kept  and  has  been 

a  source  of  considerable  loss  for  cen- 
turies. It  is  a  flat  worm  (fig.  47,  a), 
commonly  1  or  2  inches  long,  and  has  a 
complicated  life  history.  The  life  cycle 
can  only  be  completed  after  passing  cer- 
tain stages  in  the  bodies  of  certain 
snails.  At  the  end  of  the  develop- 
ment period  within  the  snail  a  larval 
form  known  as  a  cercaria  is  produced. 
This  leaves  the  body  of  the  snail,  at- 
taches to  a  blade  of  grass  and  encysts. 
When  swallowed  by  a  sheep  or  cow  the 
cyst  is  digested  and  the  parasite  makes 
its  way  to  the  liver.  The  adult  worm 
produces  vast  numbers  of  eggs  which  are 
passed  with  the  feces  of  the  host.  In 
such  of  these  as  fall  or  are  washed  into 
bodies  of  water  there  develops  an  em- 
bryonic form  which  escapes  from  the 
egg  and  infests  suitable  snails. 

The  infected  sheep  may  at  first  get 
fatter,  then  they  become  thin,  feeble,  and 
anemic,  many  of  the  sheep  dying.  The 
bile  ducts  are  obstructed,  their  walls  become  thickened  and  hardened, 
and  the  liver  atrophies.  Bad  effects  are  less  noticeable  in  cattle  than 
in  sheep.  In  the  spring  and  early  summer  the  flukes  leave  the  liver, 
only  the  remaining  scars  and  other  lesions  indicating  where  they  were 
located. 

In  this  country  the  liver  fluke  has  become  fairly  well  established 
along  parts  of  the  Pacific,  the  Gulf,  and  the  eastern  Atlantic  coasts 
(fig.  48).  From  the  coast  it  works  inland  along  the  river  valleys. 
This  distribution  is  precisely  what  would  be  expected  in  the  case  of 
a  parasite  requiring  a  snail  for  an  intermediate  host.  It  does  not 
seem  to  have  become  established  at  any  remote  inland  points,  alUiough 


-a.  The  common  Uver 
fluke  {Fasciola  hepatica).  6, 
The  large  American  fluke  {Fas- 
ciola magna).  Natural  size. 
(After  Bureau  of  Animal  In- 
dustry Bulletin   19.) 


Digitized  by  LjOOQ IC 


PARASITIC  DISEASES  OF  SHEEP  AND  CATTLE. 


429 


Digitized  by  LjOOQ IC 


430  27th  repobt,  bureau  op  animal  industry. 

it  is  occasionally  found  in  abattoir  inspection  at  Sioux  City  and 
Chicago.  In  such  cases  the  host  animal  has  been  shipped  in,  pre- 
sumably, from  the  regions  which  are  here  shown  to  be  infected. 

The  parasite  is  established  on  the  west  coast.  Gordon  (1883),  in 
the  Tenth  United  States  Census  Reports  for  1880,  quotes  a  letter  from 
a  sheepman  in  California,  who  says :  "  Our  diseases  are  fluke,  scab, 
water  on  the  brain,  and  foot  rot ;  the  first  is  the  most  fatal."  Curtice 
(1890  c)  states  that  flukes  have  been  seen  in  California  by  Prof. 
E.  C.  Stearnes,  of  the  Smithsonian  Institution.  Stiles  (1902  pp) 
notes  that  5  per  cent  of  the  sheep  along  the  Columbia  River  bottom 
were  infected  with  F.  hepatica^  while  75  per  cent  of  the  sheep  along 
the  western  slope  of  the  Cascades  in  Oregon  were  infected.  The 
lesser  infection  in  the  first  case  is  believed  to  be  due  to  the  carp  in 
the  Willamette  and  Columbia  Rivers  eating  the  cystic  stage  of  the 
fluke  on  the  grass  and  presumably  eating  the  snail  also.  The  parasite 
collection  of  this  laboratory  has  specimens  of  F.  hepatica  collected 
from  the  cow  at  Forest  Grove,  Oreg.,  in  1892,  and  in  1905  Dr.  Elda 
R.  Walker,  of  the  University  of  Nebraska,  told  the  writer  of  having 
known  of  cases  of  fluke  in  sheep  at  Forest  Grove,  the  flukes  being 
believed  by  the  owner  of  the  sheep  to  be  leeches  which  had  been 
swallowed  in  drinking.  This  is  a  rather  widespread  belief.  Stiles 
(1902  pp)  notes  the  occurrence  of  this  parasite  at  Ridgefield,  Wash., 
and  the  parasite  collection  here  has  specimens  collected  from  the  sheep 
at  Lake  Cushman  in  1904,  and  some  collected  from  the  goat,  probably 
in  abattoir  inspection,  at  Seattle  in  1905. 

The  parasite  has  been  established  in  the  Gulf  States  for  over  30 
years.  Gordon  (1883),  in  discussing  the  diseases  of  sheep  in  Texas, 
writes :  "A  flockmaster  of  San  Saba  County  reports  in  1877  a  loss  of 
1,198  sheep  out  of  1,515  by  liver  rot."  Detmers  (1883)  says:  "  This 
parasite  occurs  frequently  only  on  the  low  and  level  lands  near  the 
Gulf.  *  *  *  In  comparatively  rare  instances  the  flukeworm  ♦  ♦  * 
also  occurs  in  other  parts  of  Texas — for  instance  *  *  *  in  Kerr 
County."  This  was  written  before  Fasciola  magna  had  been  recog- 
nized as  an  American  parasite,  and  Detmers  was  undoubtedly  deal- 
ing with  mixed  infections  involving  both  species  of  flukes,  as  Francis 
(1891  c)  records  both  from  Texas  and  gives  a  map  showing  the  area 
over  which  the  mixed  infection  occurs.  Of  F.  hepatica^  Francis 
states :  "  This  well-known  parasite  occurs  in  the  livers  of  cattle,  sheep, 
and  goats  of  Texas  in  sufficient  numbers  to  cause  great  damage.  The 
portion  of  the  State  permanently  infected  consists  of  the  coast  coun- 
ties and  river  bottoms."  Stiles  (1901  t)  notes  the  finding  of  F. 
hepatica  in  two  steers  in  Harris  County.  Francis  (1891  c),  in  his 
map  showing  the  distribution  of  F.  hepatica  and  magna^  figures  a 
part  of  the  coast  region  of  Louisiana  as  infected  territory. 
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Wheeler  (1894)  says  of  F.  hepatica: 

This  platyhelminth  is  one  of  the  greatest  enemies  to  the  successful  rearing 
of  sheep  hi  this  whole  southern  country.  Our  cattle  are  likewise  the  hosts  of 
these  worms.  *  *  *  i  have  not  been  able  to  observe  any  difference  in  the 
general  health  of  Texas  and  native  cattle  and  in  extent  to  which  these  worms 
prevail  in  their  livers.  *  ♦  *  During  the  year  1891  I  condemned  about  2,500 
fluky  beef  and  cow  livers.  Valued  at  40  cents  a  piece,  this  would  amount  to 
$1,900  in  livers  alone.  ♦  ♦  ♦  I  did  not  discover  over  50  calf  livers  fluky 
during  the  same  period. 

This  was  at  the  New  Orleans  abattoir.  Later,  Wheeler  (1896) 
gives  a  record  of  the  inspection  work  at  this  abattoir  for  two  months, 
from  which  it  appears  that  during  that  period  556  livers  and  20 
lungs  of  cattle,  sheep,  and  goats  were  condemned  as  fluky. 

Gary  (1897)  writes: 

.  In  Alabama  and  in  most  of  the  Southern  States  it  is  observed  most  fre- 
quently in  the  liver  ducts  of  cattle.  This  is  due  to  the  fact  that  few  sheep  are 
bred  in  the  South.  The  writer  has  observed  these  flukes  in  the  pig  in  one 
case  at  the  Montgomery  slaughterhouse. 

Bitting  (1895)  records  this  parasite  from  Florida  along  the  coast 
region.  He  says  that  nearly  all  cattle  in  the  infected  area  have  fluke 
and  that  there  is  considerable  loss,  especially  among  young  animals. 
There  are  no  sheep  in  the  infected  area.  He  gives  a  map  showing  the 
location  of  this  area.  There  do  not  appear  to  be  any  records  of  the 
parasite  from  Mississippi,  but  an  inspection  of  the  map  indicates  that 
the  infection  which  occurs  in  Texas  and  Louisiana  to  the  west,  and 
in  Alabama  and  Florida  to  the  east,  under  practically  the  same 
geographic  and  climatic  conditions,  is  probably  present  in  Mississippi 
also.  Ward  (1895)  says  that  F,  hepatica  is  exceedingly  common  in 
Arkansas.  I  am  unable  to  find  any  authority  for  this  statement  other 
than  the  fact  that  Francis  (1891  c)  indicates  the  southwest  comer 
of  Arkansas  as  part  of  the  territory  with  a  mixed  infection.  Din- 
widdle (1892  b)  states  that  he  has  never  seen  a  fluke  in  the  sheep 
in  Arkansas,  and  the  fluke  which  he  reports  from  cattle  is  F.  magna. 

Dr.  Luckey  writes  me  under  date  of  March  2,  1911 : 

Upon  one  occasion  several  years  ago  I  found  a  number  of  cattle  in  the  low- 
lands of  southeast  Missouri  heavily  Infested  with  Fasciola  hepatica.  This  is 
not  generally  prevalent  over  the  State. 

An  examination  of  the  maps,  together  with  the  fact  that  the  fluke 
was  in  cattle,  indicates  that  closer  examination  would  probably  have 
shown  this  to  be  F,  magna. 

Along  the  eastern  Atlantic  coast  we  have  the  infection  already 
noted  from  Florida  by  Bitting  (1895).  Aside  from  this,  there  is  only 
Stewart's  (1882)  record  of  liver  fluke  in  Southdown  sheep  at  Babylon, 
Long  Island,  and  in  Cotswold,  L^iQ^ter^  an<J  p^tjv^  jsheep,  pre- 
sumably at  the  same  place. 
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As  to  the  interior  of  the  country,  it  has  already  been  noted  that 
the  parasite  has  been  found  in  abattoir  inspection  at  Sioux  City  and 
Chicago,  the  infection  undoubtedly  originating  elsewhere.  That  this 
is  true  of  Sioux  City  seems  the  more  likely  from  the  report  of  Niles 
(1897),  who  says: 

After  looking  over  the  literature  on  the  subject,  noting  the  results  of  several 
years'  personal  observations,  and  gathering  as  much  Information  as  possible 
from  other  observers.  It  can  be  said  that  the  liver  fluke  ♦  ♦  ♦  has  not 
been  recognized  in  Iowa. 

Of  Indiana,  Craig  and  Bitting  say: 

The  liver  fluke  is  of  very  rare  occurrence  in  this  State.  As  far  as  known 
to  the  writer  only  six  flocks  have  been  affected  In  the  past  ten  years  and  in 
these  the  affe<'tlon  was  brought  onto  them  from  the  southwest  There  is  no 
fear  of  permanent  infection  of  our  pasture. 

Luckey  (1908)  implies  that  this  parasite  is  present  in  Missouri, 
but  does  not  definitely  say  that  it  is. 

It  is  evident  from  the  foregoing  that  this  parasite  is  of  importance 
only  on  the  Pacific  coast  and  in  the  Gulf  States.  So  far  it  does  not 
seem  to  have  established  itself  in  the  interior  of  the  country,  although 
it  seems  likely  that  there  are  places  where  favorable  conditions  for 
its  establishment  could  be  found.  The  data  already  given  show  that 
it  is  capable  of  doing  considerable  damage  in  those  places  where  it 
has  already  got  a  foothold. 

Pasciola  magna. 

This  fluke  (fig.  47,  &),  known  as  the  large  American  fluke,  may 
attain  a  length  of  4  indies.  It  is  commonly  recorded  irom  the  cow 
in  this  country,  but  it  has  been  recorded  from  a  number  of  species 
of  the  Bovida>.  It  has  been  found  in  the  sheep  in  Italy  in  1874-75 
by  Bassi,  according  to  Railliet  (1895),  and  the  parasite  collection  of 
this  laboratory  has  some  specimens  collected  in  January,  1906,  from 
sheep  at  Hillsdale,  Mich.,  which  Dr.  Ransom  determined  as  F,  moffna. 
The  sheep  appear  to  have  been  shipped  in  from  the  State  of  Wash- 
ington. Quite  a  number  of  sheep  died,  apparently  from  this  para- 
site, and  the  Michigan  sheepmen,  who  were  feeding  western  lambs, 
were  verj'^  much  worried.  This  parasite  was  sent  in  to  this  laboratory 
by  Dr.  Ketchum,  of  the  St.  Paul  meat-inspection  station,  in  the  sum- 
mer of  the  same  year,  with  the  report  that  it  had  been  collected  from 
the  sheep. 

The  life  history  and  the  intermediate  hosts  of  this  parasite  are 
unknown.  From  the  close  relation  of  this  fluke  and  the  common 
liver  fluke  of  sheep,  and  from  the  fact  that  the  infected  range  of  the 
two  forms  is  very  nearly  the  same,  cattle  frequently  being  infected 
with  both  flukes  at  the  same  time,  it  is  probable  that  the  life  history 
of  the  two  flukes  will  be  found  very  similar  and  the  intermediate 
hosts  perhaps  the  same. 
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The  occurrence  of  the  large  American  fluke  on  the  Pacific  coast  is  a 
matter  of  speculation  at  present.  As  has  just  been  noted,  the  sheep 
at  Hillsdale.  Mich.,  which  were  infected  with  this  parasite  appear  to 
have  been  infected  in  Washington,  but  the  records  were  not  positive 
on  this  point.  Curtice  (1891  b)  diagnosed  a  case  of  fluke  disease  in 
dairy  cattle  in  Marin  County,  Cal.  The  diagnosis  is  made  from  a 
letter  that  clearly  describes  the  fluke.  Curtice  states  that  while  in- 
vestigating animal  parasites  on  the  Pacific  coast  and  in  Texas,  he 
found  flukes  in  various  localities.  According  to  Stiles  (1894),  Dr. 
Curtice  has  stated  that  the  flukes  in  the  case  noted  were  F.  magna. 
The  present  writer  is  in  doubt  on  this  point.  The  flukes  are  stated  to 
have  been  an  inch  long.  They  were  in  a  State  where  fluke  occurs 
in  sheep,  and  the  fluke  which  is  known  from  the  Pacific  coast  is 
F,  hepatica. 

The  area  with  the  greatest  amount  of  infection  is  found  in  Arkan- 
sas and  in  the  coast  region  and  river  valleys  of  Texas.  (See  fig.  49.) 
Francis  (1891  c)  states  that  he  saw  the  parasite  in  Texas  three  years 
pre^uous  to  1891.  Curtice  (1887)  recorded  what  he  termed  Distoma. 
hepaticum  (Fasciola  hepatica)  from  the  liver  and  lungs  of  Kansas 
cattle.  Stiles  (1894)  says  that  Curtice  has  since  told  him  that  the 
parasites  were  really  F,  magna.  It  is  quite  as  likely  that  Murray 
(1882)  was  dealing  with  F,  magna^  or  with  this  and  F,  hepatica^  in 
his  report  of  Distoma  hepaticiim  found  in  the  lungs  of  Texas  cattle  at 
the  Detroit  slaughterhouses,  as  that  he  was  dealing  with  F.  hepatica 
alone. 

Francis  (1891  c) ,  in  his  discussion  of  the  large  fluke,  described  it  as 
a  new  species  under  the  name  of  DistomAim  texanicnm.  Hassall 
(1891  a  and  1891  c),  in  two  articles  which  antedate  that  of  Francis, 
had  already  named  this  Fasciola  camosa^  and  then  changed  this  to 
F,  americaTia^  because  the  specific  name  camosa  was  already  pre- 
occupied. This  fluke  had  previously  been  named  Distomum  magnum 
by  Bassi  (1875  b),  which  name  had  been  corrected  to  Fasciola  magna 
by  Stiles  (1894). 

Hassall  (1891  a)  had  figured  his  specimen  of  Fasciola  cam.08a^  and 
the  figure  is  labeled  "  from  liver  of  a  Colorado  steer."  Stiles  (1894) 
lists  as  part  of  his  material  "  several  specimens  collected  by  Dr.  Cur- 
tice at  Colorado  Springs  (Hassall's  type-specimens  of  Fasciola  car- 
nosa  sen  americana)  .^^  There  are  a  number  of  reasons  for  thinking 
that  this  parasite  has  no  foothold  in  Colorado,  and  it  seems  quite 
probable  that  the  infected  animal  had  come  to  Colorado  from  Texas 
or  Indian  Territory,  the  parasite  occurring  in  cattle  in  Indian  Terri- 
tory, according  to  Dinwiddie  (1892  b). 

It  seems  uncertain  whether  the  fluke  has  established  itself  in  Kan- 
sas. We  have  the  record  of  Curtice  (1887) ,  who  says  that  "  3  out  of  a 
herd  of  12  from  Kansas  were  found  to  be  infected  with  flukes,"  which 
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flukes  Dr.  Curtice  later  said  were  F,  magna^  according  to  Stiles 
(1894).  The  parasite  collection  here  has  specimens  collected  from 
Bos  taurus  in  Kansas  in  1892.  It  is  nevertheless  possible  that  the  in- 
fected animals  became  infected  in  Texas  or  Indian  Territory  (now 
part  of  Oklahoma). 

Arkansas  rivals  Texas  in  the  extent  of  infection  with  this  fluke. 
Dinwiddie  (1890)  reported  that  90  per  cent  of  all  the  cattle  on  cer- 
tain ranges  in  St.  Francis  and  Lee  Counties  were  infected.  Later, 
Dinwiddie  (1892  a)  reported  that  the  fluke  infection  was  found  in 
11  counties  in  regions  corresponding  more  or  less  closely  with  over- 
flow districts  along  the  rivers. 

The  fluke  occurs  in  Louisiana,  according  to  the  map  published  by 
Francis  (1891  c).  A  fluke  3  inches  long  and  1  inch  wide  was  col- 
lected by  G.  V.  Young  from  the  liver  of  a  deer  at  Waverley,  Miss., 
and  determined  by  Osbom  (1890  a)  as  a  species  of  Distoma  other 
than  the  common  liver  fluke  of  sheep.  This  was  undoubtedly 
F.  Toagna,  Cary  (1897)  states  that  in  Alabama  F.  hepatica  occurs 
mostly  in  cattle.  He  says  nothing  of  F.  mdgna^  but  it  is  likely  that 
part  of  the  flukes  found  in  Alabama  cattle  are  this  species.  Simi- 
larly, Bitting  (1895)  records  only  F.  hepatica  from  cattle  in  Florida, 
but  some  specimens  collected  by  Mr.  Mills  from  the  deer  in  Florida 
and  sent  in  to  this  laboratory  are  F.  rrmgna^  and  it  is  quite  likely  that 
this  is  as  common  in  Florida  as  is  F.  hepatica^  and  perhaps  more 
common.  There  is  nothing  to  indicate  that  Sitting's  determination 
is  more  than  a  casual  determination,  and  it  would  not  be  difficult  to 
confuse  the  two  flukes.  It  is  furthermore  true  that  F.  magna  is  in 
general  a  cattle  fluke,  just  as  F.  hepatica  is  in  general  a  sheep  fluke. 
It  has  already  been  noted  that  the  flukes  found  by  Dr.  Luckey  in 
southeastern  Missouri,  and  hence  near  the  known  infected  area  in 
Arkansas,  were  probably  F,  rrmgna  rather  than  F,  hepaiica. 

Outside  of  the  Gulf  region  the  records  are  inconclusive.  Stiles 
and  Hassall  (1894  d)  record  a  specimen  from  the  Virginia  deer  in 
the  Adirondack  region  of  New  York.  Stiles  (1894  c)  states  that  it 
occurs  in  Iowa  or  has  been  found  there.  He  gives  a  reference  to 
Osbom  (1890  a),  but  it  appears  from  an  examination  of  this  record 
that,  although  Osbom  was  writing  from  Iowa,  the  flukes  were  coU 
lected  in  Mississippi,  as  noted  earlier  in  this  article.  The  only 
records  I  find  from  Iowa  are  specimens  collected  in  abattoir  inspec- 
tion in  1907.  Niles's  (1897)  statement  of  his  failure  to  find  the  liver 
fluke  in  Iowa  may  be  taken  to  cover  F.  magna  as  well  as  F.  hepatica. 

F,  magna  has  been  frequently  collected  in  abattoir  inspection.  It 
was  collected  in  the  District  of  Colimibia  by  Dr.  Hassall  in  1893  from 
a  steer  said  to  be  from  Texas.  .  The  parasite  collection  of  this  labora- 
tory has  a  number  of  specimens  collected  in  the  Chicago  abattoirs, 
some  others  from  Sioux  City,  and  some  from  St.  PauL 
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This  fluke  has  been  found  in  a  number  of  American  Bovidae,  and 
it  is  possible  that  the  parasite  is  a  native  of  this  country.  Stiles 
(1895  1)  has  suggested  this,  and  also  the  alternative  possibility  that 
this  fluke  is  a  species  which  has  developed  from  Fasciola  hepatica 
since  the  introduction  of  the  latter  into  this  country.  The  earliest 
record  of  this  parasite  which  I  have  found  is  that  of  Stewart  (1882), 
who  prints  a  drawing  "  from  nature  "  of  a  fluke  collected  from  the 
liver  of  a  deer  in  1874-75.  The  drawing  is  said  to  be  reduced  one- 
half  and  is  3.85  centimeters  long.  There  is  no  doubt  that  this  fluke, 
7.7  centimeters  long,  is  F.  magna. 

Ward  (1805)  says  of  this  parasite:  "In  importance  it  stands 
hardly  second  to  F.  hepaticay 

Stiies  (1898  a)  says: 

The  large  American  fluke  appears  to  be  more  frequent  In  this  country  than 
the  so-called  common  liver  fluke,  although  this  opinion  Is  the  result  of  general 
impression  from  abattoir  Inspection  rather  than  a  view  based  upon  actual 
statistics.  *  *  *  Fortunately  this  species  (so  far  as  known)  does  not  occur 
in  sheep,  and  on  that  account  It  must  be  looked  upon  as  of  less  Importance 
than  the  common  fluke. 

As  the  writer  has  already  noted,  this  species  had  been  found  in  the 
sheep  in  Europe  and  has  since  been  found  in  the  sheep  in  this  country. 
It  seems  to  be  rather  rare  in  the  sheep,  which  would  perhaps  be  an 
argument  against  the  hypothesis  suggested  by  Stiles  (1895  1)  that 
this  was  a  rather  recently  evolved  species  originating  from  F. 
hepatica  since  the  importation  of  that  form  into  the  United  States 
with  domestic  stock.  It  does  not  seem  likely  that  a  recently  evolved 
species  would  so  nearly  forsake  the  normal  host  to  which  centuries 
of  parasitism  had  accustomed  it. 

Generally  speaking,  this  fluke  does  not  seem  to  make  the  impression 
on  the  health  of  cattle  that  F,  hepatica  does  on  the  health  of  sheep. 
Consequently  the  loss  is  less  frequently  noted  in  terms  of  dead  cattle 
and  oftener  in  the  lesser  losses  resulting  from  loss  of  weight,  con- 
demnation of  infected  livers,  and  the  like. 

Multiceps  multiceps. 

This  parasite,  the  popular  name  of  which  is  the  gid  bladderworm, 
is  generally  known  as  Cwnurus  cerehralh^  but  the  writer  (Hall, 
1910  a)  has  shown  that  the  correct  name  is  Multiceps  multiceps.  It 
occurs  in  the  central  nervous  system  of  the  sheep  and  cow  and  also 
in  that  of  a  number  of  other  animals.  It  is  found  in  the  brain  in  the 
great  majority  of  cases,  and  looks  like  a  fish  bladder  filled  with  water 
(PL  XXXV,  fig.  2).  This  bladder  varies  in  size,  but  at  the  time 
of  the  host  animal's  death  it  commonly  ranges  from  the  size  of  a 
nut  to  that  of  a  hen's  egg.    It  is  sometimes  larger,  and  the  one  shown 
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in  Plate  XXXV  contained  80  cubic  centimeters  of  fluid.  On  the 
walls  of  the  bladder  are  a  number  of  scolices  or  tapeworm  heads, 
sometimes  hundreds.  When  the  bladder  is  eaten  by  a  dog — and  it  is 
essential  that  a  dog,  coyote  (see  Hall,  1911),  or  perhaps  some  other 
suitable  carnivore  eat  the  bladder  if  the  parasite  is  to  undergo  fur- 
ther development — the  bladder  walls  are  digested  in  the  dog's 
stomach  and  the  heads  pass  to  the  intestine,  where  they  become  the 
heads  of  a  corresponding  number  of  tapeworms.  Numerous  tape- 
worm segments  form  back  of  these  heads,  ultimately  resulting  in  the 
development  of  tapeworms  2  or  3 
feet  long  (fig.  50).  Thousands  of 
very  small  eggs  are  produced  by  the 
worms  and  pass  out  in  the  feces  of 
the  dog,  sometimes  inclosed  in  the 
terminal  segments  as  these  break  off, 
and  sometimes  freed  from  the  seg- 
ments when  these  have  ruptured 
and  scattered  the  eggs  throughout 
the  feces.  These  eggs  are  released 
from  the  feces  by  rains  and  in  this 
way  are  splashed  onto  plants  which 
are  eaten  by  the  sheep,  or  washed 
into  pools  of  water  from  which  the 
sheep  drink.  When  the  eggs  are 
taken  into  the  stomach  of  the  sheep 
the  shell  digests,  thereby  releasing  a 
small  embryo  armed  with  six  hooks. 
The  embryo  bores  its  way  through 
the  walls  of  the  digestive  tract  and 
into  the  blood  vessels.  It  is  then 
swept  around  in  the  blood  current 
till  it  lodges.  If  it  lodges  outside  of 
the  central  nervous  system,  the  para- 
site starts  to  grow,  but  aborts  in  a 
short  time.  In  the  central  nervous 
system  the  parasite  usually  wanders 
around  through  the  brain  tissue 
for  a  time  and  then  grows  to  form  the  bladderworm  already  described. 
The  wanderings  of  the  parasite  in  the  brain  cause  a  certain  degree 
of  fever  and  restlessness,  which  is  usually  overlooked.  If  the  num- 
ber of  parasites  is  very  large  the  sheep  may  die  at  this  time.  Post- 
mortem will  then  show  numerous  curving  channels  on  the  brain,  due 
to  the  wanderings  of  the  embryos.  Usually  the  symptoms  abate  and 
there  is  no  further  indication  of  the  presence  of  the  parasite  until 
it  has  grown  to  the  point  where  the  heads  form  on  the  bladder  and  set 


Fig.  50. — The  adult  gld  tapeworm 
{Muliiceps  multicepa)  from  the  In- 
testine of  the  dog.  Natural  size. 
(From  Bureau  of  Animal  Industry 
Circular  165.) 
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up  the  symptoms  characteristic  of  the  last  stages  of  gid  by  projecting 
out  of  the  bladder  and  into  the  brain.  As  a  result  of  the  irritation 
due  to  these  heads,  which  are  armed  with  hooks,  and  of  the  pressure 
due  to  the  growth  of  this  large  parasite  within  the  skull,  the  sheep 
displays  symptoms  indicative  of  the  derangement  of  the  central 
nervous  system,  such  as  walking  in  a  circle  or  constantly  repeating 
some  other  meaningless  autcnnatic  action,  constant  carriage  of  the 
head  to  one  side,  ceasing  to  eat,  blindness,  and  the  like.  Unless  the 
parasite  is  removed  or  destroyed  by  surgical  intervention,  the  in- 
fected sheep  invariably  dies. 

The  writer  (Hall,  1910  a)  has  already  recorded  the  distribution 
of  this  parasite  for  the  world.  In  the  United  States  the  permanently 
infected  area  is  in  northern  Montana  and  is  about  400  miles  long 
and  in  places  200  miles  wide  (fig.  51).  There  was  a  small  infected 
area  in  New  York  in  1909  and  in  Iowa  in  1910.  The  parasite  has 
been  reported,  apparently  correctly,  from  Ohio,  Illinois,  Michigan, 
Missouri,  Kansas,  Indian  Territory,  and  Nevada,  and  there  are 
doubtful  records  from  Utah,  Colorado,  and  Tennessee.  There  is  a 
possibility  that  small  infected  areas  occur  in  these  States,  but  so  far 
it  has  been  impossible  to  locate  any.  It  seems  likely  that  most  of  the 
cases  in  these  States  were  imported  from  abroad  or  from  the  infected 
area  in  Montana.  A  hasty  investigation,  by  the  writer,  of  conditions 
in  Idaho,  Nevada,  Utah,  Colorado,  and  "Wyoming  in  the  spring  of 
1910  failed  to  disclose  any  evidence  that  the  disease  had  a  foothold 
in  those  States. 

Evidence  obtained  by  the  writer  in  an  investigation  in  Montana 
indicates  that  the  losses  from  this  disease  amount  to  at  least  $10,000 
in  some  years.  It  is  diflScult  to  determine  the  entire  loss,  as  the 
disease  is  confused  by  the  sheep  men  with  other  diseases,  such  as 
loco  and  grub  in  the  head,  notwithstanding  the  fact  that  the  disease 
has  existed  in  this  State  for  over  20  years.  The  gid  disease  is  of 
especial  economic  importance  in  that  it  is  always  fatal  to  the  animal 
attacked,  unless  the  animal  is  saved  by  a  successful  operation.  It 
has  been  a  scourge  to  the  flocks  of  Europe  for  centuries,  and  it  is 
highly  desirable  that  it  be  kept  within  the  area  now  known  to  be 
infected  and  eradicated  from  that  area  as  soon  as  possible  in  order 
to  remove  the  menace  of  its  presence  from  the  United  States. 

Thysanosoma  actinioides. 

This  tapeworm  is  commonly  known  as  the  fringed  tapeworm,  for 
the  reason  that  the  posterior  border  of  each  segment  has  a  fringe  of 
projections  (fig.  52).  These  can  be  easily  observed  when  the  para- 
site is  put  in  water,  as  the  fringe  floats  out  from  the  segment.  The 
worm  is  sometimes  a  foot  (30  centimeters)  long.  Very  young  stages 
consisting  of  little  more  than  the  head  have  been  found  by  Curtice 
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(1889  and  1890  c).  From  these  to  the  fully  developed  tapeworm 
is  merely  a  matter  of  growth.  But  the  life  history  from  the  time 
the  posterior  segments  containing  the  eggs  pass  out  in 
the  feces  of  the  sheep  is  unknown.  There  is  reason  for 
thinking  that  the  egg  must  be  subsequently  ingested  by 
some  intermediate  host  in  which  it  develops  to  a  larva 
capable  of  infecting  the  sheep  with  the  tapeworm,  but 
nothing  is  known  about  this. 

Contrary  to  the  usual  custom  with  adult  tapeworms, 
this  worm  inhabits  not  only  the  small  intestine  of  the 
slieep  but  also  the  bile  ducts  and  the  gall  bladder,  and 
occasionally  the  pancreatic  ducts.  This  obstruction  of 
the  bile  ducts  deranges  the  liver  and  interferes  with 
digestion.  Digestion  is  further  interfered  with  by  the 
obstruction  and  irritation  due  to  the  parasites  in  the 
intestine.  This  interference  with  digestion  results  in 
the  host  animal  becoming  thin  and  enfeebled,  and  sets 
up  a  train  of  nervous  symptoms  which  naturally  follow 
malnutrition  and  indigestion.  These  nervous  symp- 
toms are  aggravated  by  the  visceral  irritation  due  to 
the  attachment  and  movement  of  the  tapeworms.  The 
disease  needs  more  study,  but  there  seems  to  be  little 
room  for  doubting  the  conclusions  of  Curtice  (1890  <?), 
who  says: 

Sheep  do  not  die  from'  the  tapeworm  disease  alone  ♦  ♦  ♦ 
The  majority  may  die  during  cold  storms,  either  from  freezing 
or  from  suffocation  while  piling  upon  each  other  for  warmth. 
They  may  starve  to  death  either  from  inability  or  lack  of  desire 
to  eat.  They  may  die  from  other  diseases.  The  tapeworm 
disease  appears  to  render  them  more  liable  to  other  affections 
and  less  able  to  withstand  the  Inclement  season.  It  is  there- 
fore indirectly  chargeable  with  the  loss.  Even  if  the  infected 
sheep  do  not  die,  the  parasite  is  still  a  cause  of  pecuniary  loss. 
The  imiK)verished  condition  traceable  to  it  is  a  small  average 
loss  for  each  animal,  but  for  flocks  of  over  5,000  sheep  the 
aggregate  is  thousands  of  dollars  for  each  ranchman. 

As  the  map  (fig.  53)  shows,  this  worm  is  essentially 
a  parasite  of  western  sheep.  Although  the  data  are  not 
evident  for  demonstrating  the  fact,  it  is  probable  that 
the  infected  area  includes  practically  all  the  States  west 
of  the  Mississippi  River,  and  that  practically  all  the 
States  east  of  the  Mississippi  are  uninfected.  The 
reason  for  this  distribution  is  not  evident  at  the  pres- 
ent time,  but  it  will  probably  be  clear  when  the  life  his- 
tory of  the  worm  becomes  known.  There  is  a  possiblity 
that  an  intermediate  host  necessary  in  the  life  history  of  the  worm  has 
a  corresponding  distribution.     The  States  which  the  available  records 


Fio.  52. — The 
fringed  tape- 
worm ( Thy- 
sanosoma 
actinioides) . 
Na  t ur  a  1 
size.  (From 
Bareau  of 
Animal  In- 
dustry Bul- 
lethi  4.) 
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warrant  us  in  labeling  as  infected  are  Oregon,  California,  Montana, 
Utah,  Colorado,  South  Dakota,  Nebraska,  and  Kansas.  In  the  same 
part  of  the  country  the  parasite  has  been  recorded  from  Arizona, 
Wyoming,  New  Mexico,  Texas,  Iowa,  and  Missouri,  and  it  is  probable 
that  these  States  and  the  Western  States  from  which  we  have  no 
records  (Washington,  Idaho,  Nevada,  and  North  Dakota)  are  all 
infected  to  some  extent. 

In  this  connection  it  should  be  borne  in  mind  that  a  lack  of  records 
is  not  evidence.  Had  anyone  ever  made  an  investigation  and  found 
no  evidence  of  this  parasite  in  the  States  from  which  we  have  no  rec- 
ords, it  would  be  evidence,  even  though  negative  in  character,  and 
we  would  be  warranted  in  drawing  certain  restricted  conclusions 
from  such  evidence.  But  where  a  State  is  more  or  less  surrounded  by 
infected  territory  and  there  is  no  evidence  that  the  infection  has  been 
looked  for  in  that  State,  that  alone  is  sufficient  to  warrant  a  suspicion, 
all  other  things  being  equal,  that  the  infection  exists  in  that  State. 

East  of  the  Mississippi  the  parasite  has  been  recorded  from  Indi- 
ana. There  is  no  evidence  back  of  the  record  to  show  whether  the 
parasite  has  a  foothold  in  this  State,  although  Craig  and  Bitting 
(1903)  claim,  as  noted  below,  that  Indiana  sheep  have  acquired  the 
disease. 

This  parasite  is  a  native  of  North  and  South  America.  It  was 
first  collected  in  Brazil  in  1824.  Curtice  (1890  c)  says  that  an 
identification  of  Tcema  plicata  from  Missouri  sheep  in  1875,  in  a 
reference  which  I  am  unable  to  verify,  leads  him  to  suspect  the  pres- 
ence of  Thysanosoma  dctinioides  in  Missouri  sheep.  The  next  record 
from  this  country  undoubtedly  refers  to  the  fringed  tapeworm  of 
sheep.  The  reference  is  to  the  report  of  the  veterinary  department 
of  the  State  Agricultural  College  of  Colorado  for  1884,  and  is  cited 
by  Curtice  in  the  article  just  noted.  I  am  unable  to  verify  the  refer- 
ence, but  the  quotations  given  by  Curtice  show  that  what  Dr.  Faville 
calls  Tcenia  expansa^  in  the  report  referred  to,  is  undoubtedly  Thy- 
sanosoma actinioides.  Four  years  later  McEachran  (1888),  in  re- 
cording tapeworms  from  the  liver  of  Colorado  sheep,  has  adopted  the 
name  used  by  Dr.  Faville, 

»  Of  this  parasite  Curtice  (1890  c)  says:  "The  fringed  tapeworm  is 
at  present  the  most  common  parasite  of  the  sheep  of  our  western 
plains,  and  causes  by  far  the  greatest  loss  of  any  intestinal  parasite 
in  this  country."  In  an  article  apparently  by  Fischer  (1899),  from 
the  Kansas  Agricultural  Experiment  Station,  it  is  stated  that  "  this 
is  one  of  the  common  intestinal  worms  affecting  western  sheep,  and 
causes  by  far  the  greatest  loss  of  any  parasite  affecting  this  animal  in 
this  and  adjoining  States." 

Craig  and  Bitting  (1903),  writing  from  Indiana,  state: 

The  parasite  is  not  of  much  consequence  in  this  State,  except  as  it  is  brought 
In  with  feeding  stock.     Whole  carloads  of  sheep  brought  from  St.  Ix)uls  and 
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Chicago  have  suffered  from  the  affection,  and  as  high  as  60  per  cent  have 
died.  In  some  few  cases  the  disease  has  been  communicated  to  the  home-grown 
sheep ;  but,  as  a  rule,  recognition  of  trouble  has  been  so  early,  or  the  flock  kept 
intact  until  reshipped,  so  that  little  spreading  has  occurred.       * 

In  this  connection  it  is  interesting  to  note  the  statement  of  Niles 
(1897) ,  who  says:  "As  far  as  our  observation  goes,  it  is  not  a  common 
parasite  in  native  Iowa  sheep,  but  the  importation  of  western  sheep 
is  likely  to  introduce  it  to  a  greater  or  less  extent." 

Of  Missouri,  Luckey  (1908)  says:  "  It  is  apparently  not  very  com- 
mon in  this  State,  as  only  a  few  reports  have  been  received  concern- 
ing it."  Dr.  M.  E.  Knowles,  the  State  veterinarian  of  Montana,  tells 
the  writer  that  he  thinks  the  parasite  does  $100,000  worth  of  damage 
a  year  in  Montana.  Moore  (1903),  writing  from  South  Dakota, 
says:  "In  our  own  State  it  is  quite  generally  distributed.  ♦  ♦  ♦ 
The  largest  infestation  found  was  75  distinct  worms  in  one  animaL 
The  greatest  mortality  recorded  from  one  flock  was  25  per  cent." 

Curtice  (1889  and  1890  c),  whose  work  on  this  parasite,  done  in 
1886  and  1887,  is  still  the  best  summary  of  our  knowledge,  says  that 
post-mortem  examination  of  Colorado  sheep  indicates  that  80  to  95 
per  cent  of  the  sheep  in  the  flocks  are  infected.  He  found  as  many 
as  100  tapeworms  in  one  sheep.    He  says  that  this  tapeworm — 

is  at  present  the  most  common  parasite  of  the  sheep  of  our  western  plains,  and 
causes  by  far  the  greatest  loss  of  any  intestinal  parasite  in  this  country. 

♦  ♦  ♦.  The  influence  on  the  life  and  health  of  its  host  is  not  inconsiderable. 
The  ultimate  loss  is  seen  when  lambs  which  should  be  strong  and  fat  are  not, 
and  die  during  the  colder  weather  while  the  fatter  ones  survive.    This  loss 

♦  *  *  can  not  perhaps  be  accurately  estimated,  but  is  nevertheless  present, 
for  thin,  hide-bound,  dwarfed  sheep  are  not  valuable  for  mutton,  nor  do  they 
produce  as  much  wool  as  they  otherwise  would. 

He  notes  that  the  sheep  are  imdersized,  hidebound,  have  a  rheu- 
matic gait,  have  difliculty  in  cropping  short  grass,  act  foolish,  do  not 
seem  to  see  well,  and  stay  at  the  rear  of  the  flock.    He  says : 

I  think  it  alone  is  responsible  for  more  losses  than  any  other  sheep  diseases 
on  the  prairies  excepting  scab.  The  direct  death  rate  traceable  to  it  is  large 
when  compared  to  the  entire  death  rate,  and  the  indirect  loss  traceable  to  it 
is,  though  more  Insidious  in  its  character,  stiU  larger,  for  it  is  ever  present  and 
ever  active. 

The  disease  due  to  the  fringed  tapeworm  is  so  largely  complicated 
by  other  diseases,  such  as  loco  disease,  that  it  is  difficult  to  say  at 
this  time  just  what  the  symptoms  of  the  disease  and  the  loss  due  to 
it  are.  It  is  certain  that  it  is  the  cause  of  considerable  loss,  and  that 
this  loss  will  not  be  greatly  lessened,  in  all  probability,  till  we  know 
more  about  the  life  history  of  the  worm. 

Haemonchus  contortus. 

This  parasite,  often  written  of  under  the  old  name  of  Strongylus 
contortus^  is  known  as  the  stomach  worm,  not  because  it  is  the  only 
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worm  parasitic  in  the  stomach  of  sheep  and  cattle,  but  because  it  is 
the  most  important  and  the  most  widely  distributed.  It  occurs  in 
the  fourth  stomach,  the  place  where  the  hay  and  other  coarse  vege- 
table food  of  the  host  animal  has  finally  become  converted  into  chyme, 
and  where  the  worm  can  do  the  most  damage  in  irritation  to  the 
mucous  membrane  and  in  absorbing  food  that  should  be  utilized  by 
the  host  animal. 

The  male  Ucemonchm  contortu^  (fig.  54)  attains  a  length  of  three- 
fourths  of  an  inch  (20  millimeters),  and  has  at  the  posterior  end  a 
clasping  organ,  known  as  a  bursa,  which  has  a  very  characteristic 

bilobed  structure.  The  female 
(fig.  54)  may  attain  a  length  of 
\\  inches  (30  millimeters),  and 
is  characterized  by  a  spiral 
striping  due  to  the  coiling  of  the 
two  uterine  branches  around  the 
intestine.    The  worms  are  red. 

The  stomach  worm  has  a  sim- 
ple life  history,  which  was  first 
worked  out  in  detail  by  Ransom 
(1906  i).  The  female  produces 
large  numbers  of  eggs,  which  are 
passed  in  the  feces  of  the  host 
animal.  These  eggs  hatch  in 
two  days  if  the  temperature  and 
moisture  conditions  are  favor- 
able, and  small  embryos,  in 
what  is  known  as  the  rhabditi- 
form  stage,  escape.  These  begin 
feeding  and  growing^  the  skin 
being  molted  in  the  process  at 
least  once.  The  embryo  is  then 
in  the  sheathed  stage,  its  former 
cuticle  completely  encasing  it.  Embryos  attain  this  stage  in  about 
10  to  14  days.  The  embryo  is  now  sealed  up  and  no  longer  feeds. 
Previous  to  this  time  the  eggs  and  embryos  are  easily  killed  by  drying 
and  exposure  to  low  temperatures.  After  becoming  ensheathed,  the 
embryos  are  very  resistant  to  these  conditions.  During  wet  weather 
and  while  the  dew  is  on  the  grass  the  embryos  prawl  up  the  blades  of 
grass,  and  sheep  or  cattle  eating  the  grass  take  the  embryos  into  the 
stomach  where  they  develop  into  the  adult  worms. 

The  presence  of  these  worms  in  the  stomach  results  in  the  irrita- 
tion of  the  mucous  membranes,  causing  disturbances  of  digestion  and 
resulting  malnutrition.    Moreover,  the  worm  is  a  bloodsucker  by 


Fio.  54. — The  stomach  wonn  (Hwrnonchua  con- 
lorlus).  Enlarged.  •  Vulva.  (From  Bu- 
reau of  Animal  Industry  Bulletin  127.) 
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virtue  of  the  hook  structure  in  the  mouth.  This  bloodsucking  habit 
results  in  anemia  in  the  host  animal.  From  these  things  the  sheep 
become  feeble  and  thin.  Some  of  them  die  from  heavy  infections. 
Others  are  so  enfeebled  that  when  they  have  to  undergo  some  un- 
usual and  adverse  experience  they  are  unable  to  stand  the  extra 
strain  and  perish. 

So  far  the  records  indicate  that  the  area  infected  with  this  parasite 
to  the  point  where  it  constitutes  an  actual  menace  to  the  flocks  is 
confined  to  the  Eastern  and  Middle  Western  States.  (See  fig.  55.) 
The  life  history  of  the  worm  is  so  simple  and  its  development  is  so 
direct  that  it  is  probable  that  the  parasite  is  distributed  all  over 
the  United  States  wherever  there  is  moisture  enough  to  permit  of 
the  hatching  of  the  egg  and  the  development  of  the  embryo.  It  is 
likely  that  the  dryness  of  the  western  plains  is  the  factor  which 
has  limited  the  infection  with  this  worm  to  the  point  where  it  has 
been  utterly  subordinate  to  the  infection  with  the  fringed  tapeworm. 
A  parasite  which  returns  to  its  primary  host  in  its  drinking  water 
has  a  very  fair  chance  of  getting  into  the  water  where  the  host  drinks 
from  a  puddle  on  the  plains.  But  one  like  the  stomach  worm,  which 
is  adapted  to  crawling  up  on  blades  of  grass  in  the  dew,  is  much  less 
certain  to  infect  its  host  on  the  western  plains  than  in  the  Missis- 
sippi Valley  or  along  the  Allegheny  Mountains  or  Atlantic  coast 
region. 

The  fact  that  the  writer  finds  no  records  to  indicate  that  certain 
New  England  or  Southern  States  are  infected  is  perhaps  due  to  the 
comparative  unimportance  of  the  sheep  and  cattle  industries  in  some 
of  these  States,  and  to  lack  of  investigation  in  others. 

This  laboratory  has  specimens  collected  at  Granger,  Colo.,  as  early 
as  1886,  by  Dr.  Curtice.  The  fact  that  this  parasite  had  established 
itself  on  the  dry  Colorado  prairies  at  that  early  date  shows  how 
quickly  and  easily  it  gets  a  foothold.  The  writer  has  collected  it  in 
1911  in  Elbert  and  El  Paso  Counties,  Colorado.  The  infection  was 
usually  light,  the  heaviest  infection  being  537  worms  in  a  3-months- 
old  lamb.   The  1911  records  from  Colorado  are  not  shown  on  ti^e  map. 

Dalrymple  (1903)  says  of  the  lamb  diseases  in  Louisiana:  "We 
are  of  the  opinion  that  ♦  ♦  ♦  stomach-worm  disease  is  responsi- 
ble for  a  large  percentage  of  the  mortality."  Luckey  (1908)  says 
that  it  is  reported  from  all  parts  of  Missouri,  the  percentage  of  loss, 
especially  among  lambs,  often  being  very  high.  Stiles  (1902  a) 
found  this  parasite  in  about  one-third  of  the  cattle  he  examined  in 
an  outbreak  of  verminous  diseases  in  Texas.  The  losses  from  this 
and  other  worms  in  mixed  infections  amounted  to  50  per  cent  in  two 
herds,  and  a  total  of  at  least  10,000  cattle  for  the  year.  Some  years 
earlier  Detmers  (1883)  stated  that  this  worm  and  the  lung  worm  do 
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more  damage  in  Texas  than  fluke  or  tapeworm  parasites.  He  states 
that  it  causes  gastric  trouble,  emaciation,  anemia,  and  not  seldom 
death.  While  the  Spanish  term  "lombriz"  is  sometimes  used  to 
denote  any  verminous  infection,  he  states  that  the  term  is  restricted 
properly  and  commonly  to  the  stomach-worm  disease.  Detmers  saw 
specimens  of  the  stomach  worm  taken  from  a  sheep  near  San  Antonio 
in  1881,  which  is  still  further  evidence  of  the  early  and  wide  distribu- 
tion of  the  parasite  in  this  country. 

Spencer  (1901)  states  that  in  late  summer  and  early  fall  this  worm 
causes  considerable  loss  in  Virginia.  Smyth  and  Niles  (1896)  say:. 
"  In  Virginia  more  sheep  are  lost  annually  as  a  result  of  intestinal 
parasites  than  from  all  other  diseases  combined.  ♦  ♦  *  Strongylua 
contortus  *  *  *  and  (Esophagostoma  eolunibianum  are  the  most 
common  in  this  State."  Of  West  Virginia,  Stewart  and  Atwood 
(1903)  say: '"  Stomach  worms  *  *  *  seriously  interfere  with  suc- 
cessful sheep  husbandry  in  this  and  other  sections  of  the  country." 
Wheeler  (1903)  notes  that  in  North  Carolina  66  of  the  Biltmore  flock 
of  Southdowns  and  Southdown  grades  were  killed  by  this  parasite  in 
six  months.  This  parasite  and  nodular  worm  were  found  to  be  re- 
sponsible for  loss  of  sheep  at  Brown  Summit,  in  North  Carolina,  by 
Dr.  Graybill  of  this  laboratory.  In  South  Carolina,  Klein  (1905) 
says  the  disease  prevails  quite  extensively  and  causes  many  deaths. 
Phares  (1889)  has  recorded  the  stomach  worm  from  Mississippi. 

Paige  (1906)  says  this  parasite  was  not  recognized  in  Massachu- 
setts prior  to  1902,  but  was  found  in  sheep  and  goats  that  year. 
During  the  four  succeeding  years  six  flocks  ranging  from  20  to  150 
in  nmnber  had  been  observed  and  had  lost  from  a  few  animals  to 
the  entire  flock  as  a  result  of  stomach-worm  disease.  Lewis  (1902) 
implies  that  this  parasite  occurs  in  Oklahoma,  but  does  not  definitely 
say  so. 

The  Middle  West  has  suffered  considerable  loss  from  the  stomach 
worm.  In  Ohio,  Wing  (1898)  states  that  it  "  is  undoubtedly  respon- 
sible for  most  of  the  deaths  among  our  lambs."  Mr.  Wing  has  since 
made  every  effort  to  arouse  interest  in  this  parasite.  From  Indiana, 
Craig  and  Bitting  (1903)  write: 

'From  an  economical  standpoint,  it  is  the  most  important  of  all  the  parasites 
In  this  State.  Probably  the  average  annual  loss  that  may  be  attributed  to  this 
cause  will  be  about  30,000  head.  The  parasite  is  to  be  found  in  greater  or  less 
numbers  in* nearly  all  flocks. 

Of  Iowa,  Niles  (1897)  says: 

In  this  State  the  stomach  worm  has  caused  more  or  less  trouble  for  several 
years,  and  during  the  past  two  years  serious  losses  have  occurred  in  many  sec- 
tions of  the  State.  During  the  past  season  this  trouble  has  been  reported  from 
many  counties  and  in  many  floclfs  the  fatality  has  been  very  high.  It  is  safe  to 
say  that  during  the  year  1896,  the  stomach  worm  caused  greater  loss  in  Iowa  than 
•all  other  sheep  affections  combined.    One  breeder  reports  losing  55  lambs  out 
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of  a  flock  of  180 ;  another  40  out  of  100 ;  another  24  out  of  45 ;  another  105  out 
of  135;  another  40  out  of  50.  Many  others  reported  hea^-y  lossea  It  seems 
evident  from  the  increased  number  of  diseased  flocks  reported  from  year  to 
year  that  this  parasite  is  rapidly  becoming  more  widely  disseminated  among 
our  flocks.  This  matter  Is  easily  explained,  for  many  of  those  engaged  In 
breeding  fine  sheep  have  lost  heavily,  and  animals  purchased  from  these  flocks 
have  served  to  contaminate  others. 

The  report  of  the  Minnesota  State  live-stock  sanitary  board  for 
1908  states :  "  Stomach  worms  of  sheep  have  caused  more  or  less  loss 
to  flock  owners."  Hopkins  (1900),  writing  of  Wisconsin,  reports 
that  it  causes  losses  of  15  to  60  per  cent,  one  farmer  losing  180  out  of 
400  in  spite  of  worm  medicines.  Marshall  (1910)  reports  losses  from 
Kent  County,  Mich. 

The  writer  has  already  cited  cases  where  the  number  of  stomach 
worms  found  by  him  in  sheep  examined  at  this  laboratory  in  connec- 
tion with  some  of  Dr.  Ransom's  experiments  was  as  high  as  3,915  in 
one  case,  and  4,350  in  another.  The  worms  were  not  actually  counted, 
owing  to  the  diiBSculty  of  doing  anything  of  the  sort,  but  the  number 
of  worms  in  a  cubic  centimeter  was  counted  and  this  number  multi- 
plied by  the  number  of  cubic  centimeters  of  worms  present.  Check- 
ing this  method  showed  that  it  gave  fairly  accurate  results.  It  gives 
data  that  are  much  more  satisfactory  than  a  statement  to  the  eflfect 
that  post-mortem  examination  disclosed  hundreds  or  thousands  of 
worms.  It  can  readily  be  seen  that  something  like  4,000  worms  would 
abstract  quite  a  large  amount  of  food  material  and  blood  from  the 
host.  It  is  further  believed  that  these  worms  secrete  a  toxin  which 
exerts  its  poisonous  effect  upon  the  host  animal,  and  the  amount 
secreted  by  so  many  worms  must  be  considerable. 

CEsophagostomum  columbianum. 

This  parasite,  commonly  known  as  the  nodular  worm,  from  the 
intestinal  nodules  caused  by  it,  and  the  nodular  disease  itself  were 
first  described  by  Curtice  (1890  c).  He  notes  that  the  disease,  com- 
monly known  as  "knotty  guts,"  had  previously  been  observed  in 
the  South  by  Dr.  Salmon,  and  that  Dr.  Theobald  Smith  had  made 
some  investigation  of  it  in  the  winter  of  1880-87.  The  adult  worms 
live  in  the  upper  part  of  the  large  intestine  of  the  sheep,  or,  according 
to  some  writers,  in  cattle.  Ransom  (1911)  states  that  in  all  cases 
examined  by  him  the  nodular  worm  of  cattle  was  found  to  be 
another  species.  The  female  worm  attains  a  length  of  about  five- 
eighths  of  an  inch  (15  millimeters),  the  male  being  a  little  shorter 
(see  fig.  56).  The  worms  have  a  characteristic  solid  white  color 
which  differentiates  them  from  most  of  the  other  sheep  parasites, 
which  are  somewhat  translucent,  yellowish,  or,  in  the  case  of  the 
stomach  worm,  red.    The  head  is  bent  over  and  forms  a  hook  with 
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the  body.    The  parasite  appears  to  be  a  native  of  this  country  which 
has  adapted  itself  to  our  sheep. 

The  life  history  of  this  worm  is  not  completely  known.  The  eggs 
produced  by  the  females  are  passed  with  the  feces  of  the  host  When 
the  resulting  embryos  again  come  to  light  they  are  found  in  tumors 
in  the  mucous  lining  of  the  intestine.  Here  they  form  cysts  which 
become  surrounded  by  necrotic  material  due  to  the  resulting  inflam- 
mation. (See  PI.  XXXVI,  fig.  2.)  The  cysts  break  down  and  the 
embryos  live  in  the  necrotic  mass.  After  a  time  they  break  from  the 
tumors  and  attain  maturity  in  the  lumen  of  the  intestine.  It  appears 
that  the  formation  of  tumors  may  not  be  essential  to  the  development 
of  the  worm,  and  perhaps  the  stage  in  the  intestinal  mucosa  is  entirely 
omitted  at  times.  The  writer  in  one 
instance  found  29  nodular  worms  in 
the  intestines  and  only  1  nodule  visible. 
This  might  be  taken  to  indicate  that 
nodule  formation  is  not  essentiial  but 
only  incidental  to  the  development  of 
the  worm.  Curtice  (1890  c)  has  made 
similar  observations,  and  surmises  that 
this  species  develops  normally  in  the 
lumen  of  the  intestines;  that  some  em- 
bryos penetrate  the  walls  of  the  intes- 
tines and  even  get  to  the  mesenteric 
glands,  the  liver,  or  the  omentum ;  that 
those  which  penetrate  the  wall  of  the 
intestines  may  develop  slowly  and  at 
length  get  to  the  lumen  of  the  intestine, 
or  may  die;  that  this  tumor-making 
stage  of  the  life  history  may  favor  the 
survival  of  the  species  by  providing 
slowly  developing  forms  which  pass 
the  winter  ^lere  and  mature  in  spring  at  a  time  when  the  eggs 
spread  on  the  pastures  will  better  serve  the  purposes  of  infec- 
tion; and  that  worms  penetrating  the  walls  of  the  intestines  too 
deeply,  such  as  those  attaining  the  omentum  or  the  liver,  perish. 
On  the  other  hand,  there  is  a  possibility  which  Dr.  Ransom  has  sug- 
gested to  the  writer,  that  the  embryos  normally  penetrate  the  intes- 
tinal walls,  and  in  the  course  of  their  development  give  rise  to  lesions 
which  are  so  small  as  to  be  readily  overlooked  in  the  course  of  macro- 
scopic examination,  and  which  heal  promptly  on  the  escape  of  the 
worm.  The  formation  of  the  large  nodule  would  only  follow,  then, 
in  the  case  of  embryos  which  penetrate  too  deeply,  as  Dr.  Curtice 
suggests,  or  perhaps  when  complicated  by  the  action  of  bacteria. 


Fio.  56. — ^The  nodular  worm  (OS aoph- 
agostomum  columbianum) .  En- 
larged. *  Vulva.  (From  Bureau 
of  Animal  Industry  Bulletin  127.) 
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As  an  economic  factor,  this  parasite  is  confined  to  the  Eastern, 
Southern,  and  Middle  Western  States.  (See  fig.  57.)  There  does  not 
seem  to  be  sufficient  evidence  available  to  warrant  Dalrymple's  (1904) 
statement  that  "  there  is  hardly  a  State  in  the  Union  that  can  claim 
freedom  from  it  among  its  flocks."  The  writer  has  never  seen  a  case 
in  the  examination  of  hundreds  of  Colorado  sheep,  and  has  not 
even  found  it  recorded  from  west  of  Minnesota  in  the  north  and 
Texas  in  the  south,  although  this  is  more  likely  to  be  due  to  the 
parasite  being  uncommon  in  such  States  as  Kansas  rather  than  to  its 
being  absent,  as  it  seems  unlikely  that  a  parasite  with  a  simple  life 
history  would  fail  to  infect  at  least  some  small  areas  in  the  general 
east  and  west  shipments  of  sheep  for  feeding,  breeding,  or  slaughter. 
It  seems  true,  however,  that  the  western  plains  and  the  Pacific  coast 
are  so  free  from  this  worm  that  they  may  be  declared  uninfected.  In 
the  writer's  opinion,  the  Southern  and  Eastern  States  not  shown  to  be 
infected  on  the  map,  with  the  possible  exception  of  some  New  Eng- 
land States,  are  probably  infected  and  we  merely  lack  printed  rec- 
ords, or  perhaps  investigation,  to  show  this. 

Curtice  (1890  c)  says  of  this  parasite: 

Dr.  D.  E.  Salmon,  Chief  of  the  Bureau  of  Animal  Industry,  who  at  one  time 
lived  In  the  South,  performed  many  post-mortem  examinations  on  diseased 
sheep,  and  found  nothing  but  these  intestinal  tumors  to  account  for  the  serere 
symptoms  of  disease  which  they  exhibited,  and  has  verbally  stated  that  he  be- 
lieves this  malady  Is  the  chief  obstacle  to  successful  sheep  husbandry  In  some 
portions  of  the  Southern  States.  *  ♦  *  Dr.  Salmon  believes  that  the  disease 
may  bring  death  to  Its  victims  in  the  severest  cases.  My  own  observations 
have  been  confined  to  the  abattoirs,  where  saleable  animals  only  are  brought. 
*  *  ♦  The  most  seriously  affected  sheep  found  In  the  abattoirs  are  notice- 
ably poorer,  and  one  would  be  temi)ted  to  believe,  were  he  to  Judge  from  the 
"  knotty "  viscera,  •  *  •  that  such  animals  should  have  died  from  the 
disease  long  before.  These  sheep  usually  have  diarrhea,  a  disease  which  weak- 
ens the  affected  animals. 

These  early  conclusions  of  Curtice's  as  to  the  injuriousness  and  im- 
portance of  the  disease  have  been  confirmed  and  strengthened  by 
later  workers.    Of  Virginia,  Smyth  and  Xiles  (1896)  say: 

This  parasite  Is  exceedingly  common  in  this  State.  In  fact,  It  is  quite  difficult 
to  find  a  sheep  which  is  entirely  free  from  it.  *  *  *  The  writer  *  *  ♦ 
has  met  with  instances  In  which  over  half  of  large  flocks  of  sheep  have  been 
lost  as  a  result  of  this  worm. 

Dalrymple  (1901)  says: 

It  appears  to  be  quite  prevalent  throughout  the  South,  and  at  times  very  few 
sheep  are  butchered  that  are  entirely  free  from  this  knotty  condition  of  the 
bowels,  which  renders  the  Intestines  unfit  for  sausage  casings. 

Dalrymple  has  published  a  number  of  studies  of  the  "  bare-lot " 
method  of  eradication.  As  already  noted,  Dr.  Graybill  has  found 
this  parasite  and  the  stomach  worm  causing  losses  among  lambs  at 
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Browns  Summit,  N.  C,  in  1909.  He  has  also  found  it  near  Wheel- 
ing, W.  Va.,  in  1908,  and  at  Auburn,  Ala.,  in  1907.  The  findings  in 
the  last  case  have  been  published  by  Giltner  (1908). 

The  parasite  appears  to  be  spreading  in  the  Middle  West.  Craig 
and  Bitting  (1903)  indicate  the  presence  of  nodular  disease  in  In- 
diana, and  say :  "  This  peculiar  disease  has  not  been  known  for  very 
many  years  and  seems  to  be  gaining  its  foothold  quite  rapidly."  The 
live-stock  commissioners  of  Ohio  in  their  report  for  1904  made  their 
first  mention  of  the  disease,  as  follows:  "  The  disease  occurs  only  in 
a  few  localities  in  this  State.  In  the  past  year  one  outbreak  was  ob- 
served near  Lockburn."    The  following  year,  1905,  they  reported : 

Not  many  years  ago  nodular  disease  in  sheep  was  unknown  in  Ohio;  it  is 
now  reported  more  frequently  from  year  t<?  year  and  Is  becoming  very  destruc- 
tive to  sheep  in  several  sections  of  the  State.  *  •  •  The  disease  frequwitly 
terminates  in  death,  and  in  other  cases  it  permanently  affects  the  general 
health  of  the  animal.  Once  introduced  on  a  farm,  it  is  a  difficult  matter  to 
exterminate  it.  Its  treatment  is  very  unsatisfactory.  •  •  ♦  The  best  pre- 
ventative is  the  observation  of  care  in  the  purchase  of  new  stock.  Farms  free 
from  the  disease  should  not  be  stocked  with  sheep  from  the  infected  areas. 

This  last  point  is  one  which  the  writer  has  already  emphasized  in 
connection  with  the  desirability  of  a  knowledge  of  the  distribution  of 
parasites.  The  commission  printed  a  map  showing  that  7  counties 
were  infected.  The  report  for  the  next  year  showed  13  counties  in- 
fected, the  next  year  15,  the  next  25,  the  next  26,  and  their  last  report, 
published  in  1910,  showed  29.    In  this  report  they  say : 

Twenty  years  ago  this  disease  was  unknown  in  Ohio.  To-day  it  is  common  in 
29  counties,  and  probably  present  to  some  extent  in  every  county  where  sheep 
are  raised.  The  losses  from  this  disease  are  probably  as  serious  as  those  from 
tuberculosis  in  cattle.  We  know  very  little  about  effective  remedies  -for  the 
trouble.  Once  a  pasture  has  become  infected,  sheep  should  be  kept  off  for  several 
years  until  the  worm  parasites  die  out.  A  few  thousand  dollars  spent  in  the 
investigation  of  remedies  for  this  trouble  would  be  a  paying  investment  for 
the  State. 

The  work  of  this  commission  in  mapping  the  infected  areas  in  the 
State  of  Ohio  is  a  model  which  it  would  pay  other  States  to  copy. 
Niles  (1897)  refers  to  this  disease  in  Iowa  as  follows: 

In  this  State  it  is  very  rare  to  find  a  sheep  over  8  months  of  age  that  does 
not  show  some  Indications  of  the  trouble  *  ♦  ♦  In  a  number  of  instances 
where  serious  loss  has  occurred  in  flocks  in  different  parts  of  the  State,  no 
other  cause  of  death  could  he  discovered.  •  •  •  When  the  affection  does  not 
produce  a  fatal  termination,  the  loss  from  unthriftiness,  partial  failure  of  the 
wool  crop,  and  the  rendering  of  the  intestines  unfit  for  sausage  casings,  is  by 
no  means  trivial. 

The  parasite  is  recorded  from  West  Virginia  by  Stewart  and 
Atwood  (1903),  from  South  Carolina  by  Klein  (1906),  from  Wiscon- 
sin by  Hopkins  (1900),  from  Michigan  by  Marshall  (1910),  from 
Vermont  by  the  State  Board  of  Agriculture  of  Vermont  (see  Bell, 
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1900),  from  Arkansas  by  Dinwiddle  (1892  b),  and  from  Texas  by 
Stiles  (1902  a).  Dr.  Luckey  writes  me  under  date  of  March  2,1911: 
"  It  is  not  uncommon  in  any  part  of  the  State  (Missouri)  to  find 
(EsopJiagoatomunv  columbianum  in  either  sheep  or  cattle." 

GSstnis  ovis. 

The  sheep  gadfly  (fig.  58,  a)  is  seldom  seen  in  the  adult  stage  by 
the  sheepman.  Riley  (1869)  describes  it  as  looking  "  something  like 
an  overgrown  house  fly."  It  has  no  mouth  and  hence  does  not  feed, 
the  principal  purpose  of  the  animal  at  this  stage  being  that  of  re- 
production. After  the  mating  of  the  male  and  female  flies,  the 
female  deposits  its  larvae,  already  hatched  from  the  eggs,  inside  the 
nostril  of  the  sheep.  The  larvae  are  pro- 
vided with  hooks,  and  by  means  of  these 
they  work  their  way  up  into  the  nostril 
of  the  sheep.  The  larvae  develop  into 
grubs,  which  attain  a  length  of  three- 
fourths  of  an  inch  (20  millimeters) 
(fig.  58,  &).  The  larvae  are  first  white, 
but  later  become  yellow,  and  finally  a 
dark  yellow  with  a  black  band  on  each 
segment,  and  the  segments  armed  with 
black  spines.  This  is  the  stage  in  which 
the  parasite  is  most  commonly  seen  and 
described.  At  the  proper  time  this  grub 
escapes  from  the  nostrils,  falls  to  the 
ground,  and  bores  its  way  underground 
to  a  depth  of  1  or  2  inches.  After  a 
period,  which  varies  with  the  weather 
conditions,  the  mature  fly  emerges  from  its  pupal  case  and  makes  its 
way  to  the  open. air. 

As  the  larvae  crawl  around  over  the  sensitive  mucous  membrane 
of  the  sheep's  nostrils,  they  cause  considerable  irritation.  This  re- 
sults especially  from  the  sharp  spines  on  the  ventral  surface,  which 
cause  minute  hemorrhages  where  they  puncture  the  mucosa.  The 
grubs  work  their  way  back  to  the  passages  of  the  turbinated  bones 
and  into  the  frontal  sinuses.  Curtice  (1890  c)  states  that  some  of 
them  become  entrapped  among  the  windings  of  the  superior  turbi- 
nated bones  and  in  the  orifice  leading  to  the  superior  maxillary 
sinus,  the  grub  increasing  in  size  to  the  point  where  it  is  unable  to 
return  by  the  passage  it  entered  as  a  smaller  larva.  The  irritation 
caused  by  the  grubs  causes  a  catarrh,  from  which  the  disease  due 
to  the  grub  takes  the  name  of  "  snotty  nose."  Worse  than  this  is 
the  fact  that  the  inflammation  set  up  in  the  nasal  mucosa  causes  an 
irritation  of  the  nerves  of  smell,  and  the  inflammation  is-trans- 


Fio.  58. — The  sheep  gadfly  (Eatnu 
ovis),  a.  Adult  fly.  (After 
Brauer.)  h.  Larva  or  grub  from 
nose  of  sheep.  Enlarged.  (After 
CurUce.) 
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mitted  along  the  short  course  of  these  nerves  to  the  brain.  When 
the  grubs  are  numerous  the  effects  on  the  sheep  are  serious  and  at 
tunes  fatal.  The  catarrh  is  accompanied  by  considerable  sneezing 
and  snorting.  Later  the  animal  shakes  its  head  or  rubs  its  nose  on 
the  ground.  It  walks  with  a  peculiar  gait,  similar  to  that  of  some 
giddy  sheep,  but  does  not  show  the  circling  or  the  other  repeated 
automatic  actions  of  typical  giddy  sheep.  The  affected  animal  be- 
comes emaciated  and  may  die  in  convulsions.  As  a  rule,  it  is  able 
to  survive  the  attack  until  the  escape  of  the  larva;  from  the  head, 
and  then  the  symptoms  abate  and  the  animal  recovers.  Curtice 
(1890  c)  states  that  the  largest  recorded  number  of  grubs  from  the 
head  of  a  sheep  is  60  to  80. 

It  is  still  a  moot  point,  and  one  on  which  positive  evidence  would 
be  welcomed,  as  to  whether  the  larvje  ever  penetrate  to  the  brain  of 
the  sheep.  Riley  (18G9)  states  that  according  to  reliable  sheepmen 
the  parasite  may  enter  the  brain.  Curtice  (1890  c)  says:  "  The  larvae 
of  the  (Estrus^  or  the  grubs,  never  do  and  never  can  penetrate  into 
the  brain."  The  former  is  an  opinion  commonly  entertained  by 
sheepmen.  Both  positions  have  been  maintained  by  veterinarians. 
Quite  recently,  Blasi  (1910)  reports  that  in  a  post-mortem  examina- 
tion of  a  sheep  he  found  a  typical  larva  of  (Estrus  oms  in  the  right 
lateral  ventricle.  There  was  an  eccentric  dilatation  of  the  ventricle, 
considerable  augmentation  of  the  cephalo-rachidian  fluid,  with 
amaurosis  and  lesions  of  the  optic  lobes  and  the  neighboring  regions. 

Riley  (18G9)  reported  that  this  grub  was  present  "  in  the  head  of 
almost  every  sheep  that  dies,  in  the  Western  States  at  least."  This 
statement  is  presumably  based  on  probabilities,  in  large  part,  rather 
than  on  actual  observation  or  printed  records.  AVhile  it  is  probably 
true,  it  is  nevertheless  desirable  that  we  have  definite  information  on 
this  point,  and  at  the  present  time  there  are  some  States  from  which 
the  writer  has  found  no  records.  The  existing  records,  showing 
the  parasite  on  both  coasts,  along  the  Canadian  border  States  and 
the  Gulf,  and  through  the  interior,  indicate  that  the  distribution  of 
the  fly  is  in  a  general  way  coincident  with  the  distribution  of  the 
sheep  (see  fig.  59).  A  study  of  this  distribution  might  disclose  excep- 
tions which  would  be  indicative  of  means  for  minimizing  or  avoiding 
infection. 

Gordon  (1883)  quotes  a  sheepman  in  Monterey  County,  CaL, 
who  says  that  "  worms  in  the- head  "  is  the  only  fatal  disease.  This 
refers  to  the  (Estrus  larva?,  or  "  grub  in  the  head,"  presumably.  Riley 
(18G9)  refers  to  observations  made  by  various  persons  in  Illinois. 
Luckey  (1908)  says  of  Missouri,  "  there  is  probably  no  flock  in  the 
State  entirely  exempt  from  it."  Gordon  (1883)  states  that  this 
disease  is  a  source  of  limited  loss  in  the  State  of  Montana.  The 
writer  has  been  told  by  Dr.  Ketchum,  of  this  bureau,  that  at  the  St. 
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Paul  abattoirs  the  degree  of  infection  of  sheep  from  Sweet  Grass 
County,  Mont.,  was  notable,  and  sheepmen  in  this  county  assured 
the  writer  that  "  grub  in  the  head  "  was  perhaps  their  most  serious 
pest.  Butterfield  (1900)  found  it  in  a  flock  of  125  sheep  in  Pennsyl- 
vania, and  it  appeared  that  this  parasite  had  caused  the  death  of  50 
in  this  flock  in  three  years.  Riley  (1869)  implies  the  presence  of  the 
parasite  in  Tennessee.  Of  Texas,  Grordon  (1883)  says,  "  One  owner 
reports  losses  from  grub  in  Kinney  County,"  and  Detmers  (1883) 
says :  "  The  only  real  drawback  to  sheep  raising  in  Texas  ♦  *  ♦ 
is  caused  by  the  blowfl^^,  and  perhaps,  also,  though  in  a  much  less 
degree,  by  the  gadfly,  (Estrus  ovis^  Wing  (1898),  writing  from 
Ohio,  says :  "  'Grub  in  the  head '  has  never,  in  my  experience,  done 
noticeable  injury  to  the  flock."  Niles  (1897)  says:  "  The  loss  in  Iowa 
caused  by  the  sheep  bot  fly  is  not  heavy."  Wheeler  (1895)  records 
the  death  of  117  out  of  239  sheep  in  one  flock,  and  200  out  of  459  in 
another,  where  this  parasite  was  the  only  apparent  cause.  The  sheep 
had  been  shipped  into  Louisiana  from  Texas,  and  had  apparently 
been  infected  in  Texas.  The  fly  seems  to  be  plentiful  in  Louisiana, 
however,  as  Dalrymple  (1903)  says  that  he  has  extracted  42  larvae 
from  the  head  of  one  sheep,  and  thinks  that  this  number  is  not  the 
maximum  for  this  State.  The  fly  has  been  recorded  from  North 
Carolina  by  McCarthy  (189G),  and  from  Minnesota  by  Lugger 
(1896).  Dr.  Graybill  has  found  it  in  sheep  near  Wheeling,  W.  Va., 
in  1908,  and  the  writer  has  collected  it  this  year  (1911)  in  a  sheep 
from  Pluck,  Va.  Herrick  (1899)  leaves  us  in  doubt  as  to  Mississippi. 
The  writer  found  about  10  to  20  per  cent  of  the  sheep  infected  in  some 
flocks  in  Elbert  and  El  Paso  Counties,  Colo.,  in  1911.  The  infection 
was  light  in  all  cases  seen.  These  Colorado  records  are  not  shown 
on  the  map. 

Psoroptes  communis  ovis. 

The  parasite  which  causes  common  sheep  scab  is  a  small  mite  (fig. 
60)  easily  overlooked  on  the  sheep,  but  readily  visible  to  the  naked 
eye  when  the  mite  is  placed  on  a  dark  surface.  According  to  Salmon 
and  Stiles  (1898),  the  life  history  of  the  parasites  is  substantially  as 
follows : 

The  female  mite  lays  about  15  to  24  eggs  on  the  skin  of  the  sheep, 
or  fastened  to  the  wool  near  the  skin ;  six-legged  larvae  are  hatched ; 
the  larva)  cast  their  skin  and  become  mature ;  the  mites  pair  and  the 
females  lay  their  eggs,  after  which  they  die.  The  mit€«  molt  three 
or  four  times.  They  multiply  with  great  rapidity,  and  Salmon  and 
Stiles  figure  that  with  15  days  as  an  average  for  each  generation  of 
10  females  and  5  males  the  sixth  generation  would  appear  in  three 
months'  time,  and  would  consist  of  about  1,000,000  females  and 
500,000  males. 
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Plate  XXXVI. 
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Fig.  1.— a  Well-Developed  Case  of  Sheep  Scab  Due  to  the  Common  Scab  Mite 
(psoroptes  communis  ovis). 


Fig.  2.— Viscera  of  Sheep,  Showing  Moderate  Infection  with  Nodular  Worm 
(cesophagostomum  columbianum).    (original.) 
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The  mites  bite  the  skin  of  the  sheep,  and  apparently  introduce  some 
irritating  substance  into  the  wound,  for  the  bites  cause  intense  itch- 
ing, with  irritation,  formation  of  papules,  inflammation,  exudation 
of  serum,  and  the  formation  of  crusts  or  scabs.  As  the  parasites 
multiply,  they  spread  out  along  the  edge  of  the  scab  and  attack  the 
healthy  tissue  there.  Here  is  where  they  may  be  found  most  readily, 
only  a  few  remaining  in  the  scab  or  crust.  The  sheep  become  rest- 
less and  scratch  and  bite  themselves,  or  rub  against  other  objects  in 
order  to  relieve  the  itching.  The  wool  becomes  matted,  and  is  pulled 
off  with  the  crusts 
rubbed  off  by  the 
sheep.  (See  PL 
XXXVI,  fig.  1.) 
The  skin  becomes 
inflamed  and  thick- 
ened. In  the  course 
of  2  or  3  months  the 
disease  may  have 
spread  over  the  en- 
tire body. 

The  disease  is 
highly  contagious, 
and  cases  may  de- 
velop within  a  week 
after  exposure  to 
infection.  It  is 
spread  by  the  in- 
fected sheep  and  by 
means  of  wool,  scab, 
bedding,  or  any 
thing  that  can  carry 
the  mites  to  another 
sheep.  The  infect- 
ed    sheep     become 

anemic  and  emaci-  Fiq.  60. — The  commoix  scab  mite  of  sheep  (Psoroptes  com- 
ainA       TTr^l/ioo    fr^Aof  munis   ovis).     Enlarged.      (After    Bureau   of   Animal    In- 

aica.       unless   treat-  dustry  Bulletin  21.) 

ed   for   the   disease 

they  become  more  and  more  exhausted,  and  finally  die,  only  a  few 
making  a  spontaneous  recovery.  It  is  quite  likely  that  the  effect  of 
the  scab  mite  itself  is  complicated  by  the  inoculation  of  streptococci 
or  staphylococci  incidental  to  the  puncture  of  the  skin  by  the  mite, 
as  has  been  found  to  be  the  case  in  demodectic  mange  of  the  dog. 

This  highly  important  disease  results  first  of  all  in  a  loss  of  wool, 
a  thing  which  insures  the  attention  of  the  western  sheepman,  who 
commonly  breeds  for  wool  first  of  all.    It  does  not  even  permit  the 
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sheepman  to  save  the  pelt,  that  last  saving  which  is  looked  after 
when  western  sheep  die  of  almost  any  other  disease  or  after  the 
disastrous  "  pile  ups  "  of  winter  storms.  The  unthrifty  sheep  ceases 
to  be  valuable  as  mutton.  Finally,  there  is  the  loss  from  death, 
which  Salmon  and  Stiles  (1898)  say  amounts  to  from  10  to  80  per 
cent  of  the  flock  attacked. 
Curtice  (1890  c)  says  of  scab: 

Of  all  the  diseases  of  sheep  In  this  country,  scab  Is  the  most  feared  by  the 
flockmaster.  So  Insidious  is  its  attack,  bo  rapid  its  course,  so  destructive  its 
effects,  and  so  difficult  Is  it  to  exterminate  that  It  has  Justly  earned  the  dis- 
tinction of  being  more  injurious  than  any  other  disease  caused  by  external 
parasites.  'Scab  alone,  of  the  parasitic  diseases,  has  become  the  subject  of 
legislation  in  most  countries,  and  yet.  If  proper  precautions  were  taken  and  a 
rational  treatment  followed,  this  disease  could  soon  be  completely  eradicated. 

Salmon  and  Stiles  (1898)  say: 

Many  persons  engaged  in  the  sheep  industry  have  been  forced  to  forsake  it 
because  of  their  losses  from  this  disease.  It  is  probable  that  In  its  destruction 
of  Invested  capital  sheep  scab  is  second  only  to  hog  cholera  among  our  animal 
diseases.  *  ♦  *  In  addition  to  the  direct  losses  in  wool.  In  flesh,  and  in  the 
lives  of  our  sheep,  we  have  suffered  immensely  in  our  foreign  trade  because  of 
the  prevalence  of  this  disease. 

Previous  to  the  establishment  of  the  Federal  quarantine  on  scab, 
there  was  almost  no  place  in  the  Ignited  States  that  could  claim  more 
than  a  temporary  freedom  from  this  disease.  Such  freedom  was 
attained  from  time  to  time  by  some  States  as  a  result  of  the  efforts 
of  State  officials,  but  it  was  difficult  to  prevent  reinfection  from 
adjacent  States,  and  in  those  cases  where  the  adjacent  States  were 
negligent  or  indifferent  it  meant  that  the  effort  to  keep  a  State  clean 
could  never  be  laelaxed  until  a  general  effort  under  the  direction  of 
the  Federal  Government  should  result  in  the  eradication  of  the  dis- 
ease. The  Western  States  were  constantly  infected  for  the  most  part. 
In  this  connection  it  is  interesting  to  note  that  the  writer  has  found 
a  mite  indistinguishable  from  the  common  scab  mite  of  sheep^  on  a 
mountain  sheep,  Ovis  nelsoni^  according  to  Dr.  Bailey,  of  the  Bio- 
logical Survey,  which  was  suffering  from  scab  in  the  National 
Zoological  Park  in  Washington,  D.  C.  This  suggests  that  this  animal 
may  occasionally  act  as  a  carrier  of  the  disease  in  some  Western 
States.  This  seems  more  likely  from  a  record  of  Warren  (1910),  who 
notes  the  death  of  75  Colorado  mountain  sheep  {Ovis  canaderisis) 
from  scab  contracted  from  domestic  sheep. 

The  work  against  sheep  scab  is  such  an  excellent  example  of  what 
may  be  accomplished  in  combating  a  disease  when  its  distribution 
is  known  and  steps  are  taken  to  restrict  and  eradicate  it,  that  the 
writer  has  indicated  on  the  map  (fig.  61)  not  only  the  present  in- 
fected areas  but  also  the  areas  formerly  included  within  the  Federal 
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quarantine  lines,  with  symbols  to  designate  areas  simultaneously 
released.  The  writer  is  informed  by  Dr.  Steddom,  Chief  of  the 
Inspection  Division  of  this  bureau,  that  other  areas  will  presently 
be  released.  It  is  expected  that  ultimately  the  disease  will  be 
eradicated  from  the  United  States.  The  cost  of  eradication  will  be 
trifling  compared  with  the  loss  saved. 

FUTURE  RECORDS. 

A  map  (fig.  62)  is  published  here  which  indicates  for  each  State 
which  of  the  parasites  discussed  in  this  paper  have  been  recorded 
from  that  State,  together  with  a  symbol  indicating  the  nature  of  the 
record.  It  is  hoped  that  State  and  Federal  employees,  and  also 
scientists  and  veterinary  practitioners  not  in  State  or  Federal  employ, 
will  add  to  this  record  wherever  possible.  The  Bureau  of  Animal 
Industry  will  greatly  appreciate  such  cooperation,  and  the  informa- 
tion so  obtained  will  in  turn  enable  the  bureau  to  furnish  more  exact 
information  and  more  definite  suggestions  in  regard  to  these  parasites 
than  would  otherwise  be  the  case. 
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THE  PROTOZOAN  PARASITES  OF  DOMESTICATED  ANIMALS. 

By  HowABD  Cbawlet, 
Junior  ZoologUi,  Zoological  DiviHon, 

INTRODUCTORY. 

Attention  was  first  forcibly  called  to  the  Protozoa  as  causes  of  dis- 
ease by  Pasteur,  who  showed  that  pebrine,  the  silkworm  disease 
which  broke  out  in  France  in  1845,  was  caused  by  a  protozoan  para- 
site. This  disease  is  estimated  to  have  caused  a  loss  to  the  silkworm 
industry  of  France  of  $200,000,000  up  to  the  year  1867.  The  silk- 
worms of  France,  and  of  other  parts  of  Europe  as  well,  were  prac- 
tically all  destroyed,  and  the  industry  was  only  put  on  its  feet  again 
by  the  importing  of  uninfected  eggs  from  Japan. 

The  second  great  discovery  in  the  science  of  protozoology  was 
made  in  1882  by  Laveran,  then  a  French  army  physician.  This  was 
that  the  cause  of  malaria  in  man  is  a  protozoan  which  invades  and 
destroys  the  red  blood  cells,  in  this  way  causing  the  anemia  which  is 
one  of  the  symptoms  of  that  disease.  The  later  discovery  that  ma- 
laria is  carried  from  man  to  man  by  a  mosquito,  and  in  no  other  way, 
has  enabled  medical  science  to  indicate  the  method  whereby  it  may 
be  eradicated.  The  association  of  malaria  and  swamps  has  no  other 
signification  than  that  the  swamps  furnish  breeding  grounds  for 
mosquitoes. 

The  third  great  discovery  was  that  of  Theobald  Smith,  who, 
working  at  Washington  in  1892,  found  the  cause  of  Texas  fever  of 
cattle  to  be  a  blood  parasite  allied  to  but  not  identical  with  the 
malaria  parasite  of  man.  This  parasite  also  attacks  and  destroys  the 
red  blood  cells,  causing  an  anemia  so  profound  that  the  blood  count 
may  fall  to  one-third  or  less  of  the  normal.  The  parasite  is  con- 
veyed from  one  animal  to  another  by  the  cattle  tick,  and  Texas  fever 
can  not  exist  in  a  region  where  there  are  no  cattle  ticks.  Unfortu- 
nately for  the  agricultural  interests  of  the  United  States,  the  tick 
is  present  throughout  the  Southern  States,  and  as  a  consequence 
almost  all  southern  cattle  harbor  the  parasite  in  their  blood.  Since, 
however,  they  become  inoculated  as  young  calves,  when  possessing  a 
high  degree  of  resistance  to  the  parasite,  they  become  naturally  vac- 
cinated and  seldom  suffer  from  the  disease  in  an  acute  form.  On 
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the  other  hand,  northern  cattle,  which  are  not  naturally  vaccinated, 
are  highly  susceptible,  readily  acquire  the  disease,  and  usually  die 
if  they  become  infected.  It  follows  from  this  that  it  is  impossible 
to  move  cattle  with  safety  from  the  North  to  the  South  or  vice  versa 
without  taking  certain  troublesome  precautions.  This,  in  itself,  is  a 
serious  loss  to  agriculture,  and  moreover  southern  cattle,  both  on  ac- 
count of  the  constant  presence  of  the  parasite  in  their  blood  and  the 
presence  of  sometimes  large  numbers  of  ticks  on  the  skin,  are  thereby 
debilitated.  The  cattle  tick  is  estimated  to  cost  the  live-stock  indus- 
try of  the  United  States  from  $30,000,000  to  $50,000,000  a  year. 

In  Africa  a  disease  of  man,  appropriately  termed  sleeping  sickness, 
has  been  known  to  civilized  man  for  over  a  century.  Originally  con- 
fined to  the  AVest  Coast,  it  has  recently  spread  eastward  and  is  now  a 
serious  menace  to  the  development  of  Central  Africa.  In  1902  the 
cause  was  discovered  to  be  a  trypanosome,  a  flagellated  blood  para- 
site belonging  to  quite  a  different  group  from  those  before  mentioned. 
This  trypanosome  is  carried  from  man  to  man  by  a  biting  fly. 
While  cases  of  sleeping  sickness  have  been  cured,  the  disease  is  ordi- 
narily fatal,  and  yearly  causes  thousands  of  deaths  among  tlie 
negroes  of  Africa. 

The  instances  above  mentioned  show  very  clearly  the  importance 
of  the  Protozoa  from  the  economic  standpoint,  both  as  regards  disease 
in  man  himself  and  in  animals  upon  which  he  depends.  The  group, 
long  neglected,  is  now  being  studied  by  a  large  number  of  investiga- 
tors, particularly  in  Europe  and  Africa.  In  the  United  States  not 
so  much  attention  has  been  paid  to  the  Protozoa  as  pathogenic 
organisms,  doubtless  owing  to  the  fact  that  this  country  has  so  far 
escaped  the  ravages  of  the  great  trypanosomiases.  Further,  Texas 
fever,  probably  the  most  serious  protozoan  disease  attacking  domesti- 
cated animals  in  the  United  States,  is  rather  easily  controlled,  owing 
to  the  very  limited  powers  of  dispersal  possessed  by  the  carrier,  the 
cattle  tick.  Nevertheless,  it  is  impossible  to  lay  too  much  stress  on 
the  importance  of  the  study  of  the  Protozoa  as  causes  of  disease. 

In  the  first  place.  Protozoa  probably  do  a  very  considerable  amount 
of  harm  to  the  live-stock  industries  in  the  United  States  which  alto- 
gether escapes  attention.  For  instance,  a  number  of  protozoal  diseases 
are  always  enzootic,  and  hence  do  not  attract  as  much  attention  as 
would  be  the  case  with  an  epizootic.  But  the  sum  total  of  loss  caused 
by  a  large  number  of  small  outbreaks  might  easily  be  considerable. 
In  the  second  place,  the  immunity  enjoyed  by  the  United  States  to 
the  great  animal  trypanosomiases  of  Africa,  Asia,  and  South  America 
is  probably  more  a  matter  of  good  fortune  than  anything  else.  The 
impression  that  these  diseases  can  exist  only  in  tropical  countries  is 
wholly  erroneous.  Their  existence  and  spread  depend  exclusively 
upon  the  presence  of  the  proper  carrier,  which  appears  in  all  cases  to 
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be  a  fly,  and  in  the  warm  season  flies  are  just  as  abundant  in  this 
country  as  they  are  in  Asia,  Africa,  or  South  America. 

It  SO  happens  that  the  tsetse  flies,  which  act  as  carriers  for  the 
African  trypanosomiases,  are  not  present  in  the  United  States,  and 
accordingly  it  is  generally  supposed  that  there  is  no  danger  of  these 
diseases  spreading  here,  even  were  they  to  be  introduced.  It  is  by  no 
means  certain,  however,  that  the  African  diseases  are  absolutely  de- 
pendent on  the  tsetse  flies,  and  those  of  Asia  and  South  America  cer- 
tainly are  not,  since  tsetse  flies  are  not  present  on  either  of  these  con- 
tinents. It  may  be  laid  down  as  a  rule  that  the  presence  of  any  biting 
fly  constitutes  a  source  of  danger  in  the  presence  of  a  trypanosomiasis, 
and,  as  is  weU  known,  biting  flies  are  very  abundant  in  America, 
common  examples  being  horse  flies,  the  stable  fly,  and  the  horn  fly. 

Therefore  the  Protozoa  are  of  great  interest  to  the  live-stock  in- 
dustry of  the  United  States,  and  it  is  the  purpose  of  this  article  to 
give  a  brief  account  of  those  which  are  parasitic,  with  particular 
reference  to  those  parasitizing  domesticated  animals. 

DESCRIPTION  OF  THE  PROTOZOA. 

As  their  name  indicates,  Protozoa  are  primitive  animals ;  they  are, 
in  fact,  the  simplest  known  forms  of  animal  life.  Like  the  corre- 
sponding forms  of  plant  life,  the  Protophyta,  they  are  unicellular, 
and  in  this  respect  these  two  forms  differ  from  all  other  animals, 
which  are  multicellular.  The  Protozoa,  though  generally  larger  than 
bacteria,  are  almost  all  so  small  that  they  can  be  seen  only  with  the  aid 
of  the  microscope.  They  are  widely  distributed  in  nature,  being 
found  almost  everywhere,  and,  like  bacteria,  some  species  are  free 
living  while  others  live  as  parasites  upon  or  within  other  animals. 

A  protozoan  consists  of  a  mass  of  protoplasm  containing  a  nucleus. 
Although  so  simple  in  structure,  they  exhibit  practically  all  of  the 
biological  phenomena  characteristic  of  the  physically  complex  higher 
animals.  Protozoa  take  in  food,  digest  and  assimilate  it,  excrete 
waste  products,  grow,  and  reproduce. 

Reproduction  is  ejected  in  two  ways,  as  follows:  (1)  By  biparti- 
tion,  or  division  into  two;  (2)  by  endogenous  multiplication,  or  di- 
vision into  many.  In  the  first,  the  nucleus  first  divides  into  two 
parts,  the  protoplasm  follows  suit,  so  that  each  daughter  cell  is  a 
replica  of  the  mother  cell,  and  indeed  consists  of  one-half  of  it.  Di- 
vision of  this  sort  occurs  when  the  protozoan  has  reached  its  maxi- 
mum size,  and  is  shown  by  trypanosomes. 

In  endogenous  multiplication  the  nucleus  divides  into  a  large  num- 
ber of  small  bodies.  Each  of  these  then  collects  around  it  a  small 
part  of  the  protoplasm,  and  the  mass  thus  constituted  breaks  up  into 
a  number  of  small  bodies.  These  are  often  spoken  of  as  spores.  This 
is  the  usual  mode  of  division  in  the  Sporozoa. 
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Under  certain  conditions  Protozoa  conjugate,  conjugation  consisting 
in  the  fusion  of  two  individuals.  These  are  termed  the  gametes,  and 
when  two  gametes  conjugate  they  form  a  zygote.  In  certain  Proto- 
zoa, the  two  gametes  are  to  all  appearances  exactly  alike,  whence  the 
process  of  conjugation  is  termed  isogamy,  or  the  unipn  of  like  gametes. 
In  others,  the  gametes  differ,  whence  the  process  is  called  heterogamy, 
or  the  union  of  unlike  gametes.  In  many  cases  of  heterogamy  the 
gametes  are  of  very  different  sizes,  in  which  case  the  larger  is  known 
as  the  macrogamete  and  the  smaller  as  the  microgamete.  Macro- 
gamete  and  microgamete  correspond,  respectively,  to  the  egg  and 
spermatozoan  of  higher  animals. 

As  the  result  of  any  one  of  several  influences  Protozoa  encyst. 
The  active,  usually  motile,  organism  becomes  inert,  assumes  a  spher- 
ical shape,  and  secretes  a  resistant  sheath,  often  shell-like.  In  this 
conditi(»i  the  protozoan  is  resistant  to  drought  and  can  also  resist  the 
action  of  substances  which  would  be  fatal  to  it  in  the  active  state. 
Encystment  occurs  in  the  free-living  forms  as  the  result  of  a  gradual 
drying  up  of  the  water  in  which  they  live.  In  the  parasites  it  is 
brought  about  upon  expulsion  to  the  exterior  in  the  excreta  of  the 
host.  Within  its  protective  cyst  wall  the  protoplasm  may  be  wholly 
inactive  or,  more  usually,  divides  into  spores. 

Ecologically,  parasitic  Protozoa  may  be  divided  into  two  groups, 
(a)  parasites  of  the  cavity  or  tissue  of  the  alimentary  canal,  liver, 
kidney,  and  other  organs,  and  (&)  parasites  of  the  blood.  In  the 
former  case  the  part  of  the  host  invaded  is  in  direct  communication 
with  the  exterior,  and  hence  the  parasites,  after  completing  their 
cyck  of  development  within  the  body  and  becoming  encysted,  reach 
the  outer  world  along  with  tjie  excreta  of  the  host.  Once  here,  it  is 
necessary  for  the  further  propagation  of  the  parasite  that  the  cysts 
get  upon  the  food  or  in  the  drinking  water  of  other  members  of  the 
host  species,  then  to  be  swallowed  and  to  start  a  new  generation  of 
parasites.  In  such  cases  as  these  the  dissemination  of  the  qrsts, 
although  wholly  a  matter  of  chance,  may  be  effected  in  any  one  of  a 
numbjer  of  ways.  The  excreta,  deposited  upon. the  groimd,  dry,  and 
the  cysts  are  blown  about  by  the  wind ;  the  cysts  may  get  into  streams 
of  water  and  thus  be  carried  long  distances;  animals  contaminate 
their  skins  and  feet  with  moist  feces,  and  thus  carry  the  cysts.  In 
addition  to  these  purely  natural  methods,  the  cysts  are  doubtless 
often  carried  considerable  distances  in  the  course  of  commercial 
transactions ;  for  example,  by  railroads. 

Nevertheless,  this  mode  of  distribution  is  by  no  means  so  efficient 
as  that  occurring  in  the  case  of  the  protozoan  parasites  in  the  blood. 
These  have  wholly  lost  the  power  to  encyst,  and  are  altogether  in- 
capable of  living  in  free  nature.  Hence  the  entire  life  is  spent  in 
the  interior  of  some  other  animal,  and  these  parasites  are  conveyed 
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from  one  vertebrate  host  to  another  .by  means  of  some  biting  inverte- 
brate. It  is  evident  that  when  this  invertebrate  is  a  flying  insect,  the 
parasite  may  easily  be  carried  far  and  wide.  In  more  detail,  in  cases 
where  the  parasite  upon  leaving  the  host  merely  falls  to  the  ground, 
the  infection  may  easily  be  confined  to  one  pasture  or  stable  or  kenneL 
But  when  it  is  taken  from  the  host  by  a  biting  fly  it  may  be  carried 
to  neighboring  pastures,  stables,  or  kennels.  In  the  former  case  the 
infection  tends  to  be  confined  to  within  one  circle,  having  for  its 
center  the  point  where  the  infection  originally  broke  out,  but  in  the 
latter  each  fly  which  so  infects  itself  is  the  center  of  a  circle  of 
infection,  and  any  animal  within  the  range  of  its  flight  may  become 
infected;  hence  there  is  not  one  but  a  great  number  of  circles  ar- 
ranged in  a  group  around  the  original  focus  of  infection. 

GROUPAL  DIVISIONS  OF  THE  PROTOZOA. 

According  to  various  peculiarities  in  their  structure  and  mode  of 
life,  the  Protozoa  are  zoologically  grouped  into  five  classes,  as  follows: 
(1)  Spirochfletida,  (2)  Flagellata,  (3)  Rhizopoda,  (4)  Sporozoa, 
(5)  Ciliata. 

Of  these,  the  Sporozoa  are  exclusively  parasitic,  while  both  spiro- 
chetes and  flagellates  contain  a  large  number  of  parasitic  forms.  The 
remaining  groups,  the  rhizopods  and  ciliates,  are  nearly  all  free-living 
forms. 

SPIROCHJBTIDA. 

A  spirochaete  (fig.  63)  consists  of  a  long  delicate  body  which  ordi- 
narily maintains  the  form  of  a  corkscrew,  hence  the  name.    An  undu- 
lating membrane,  an  extremely  thin,  finlike  membrane  running  along 
the  length  of  the  body  and 
following    the    curves,    has 
been     demonstrated     to     be 
present     in     some     species. 
Delicate  filaments  or  flagella 
may  be  present   at   one   or 
both  ends.    The  nuclear  ma- 
terial instead  of  being  massed 
together  is   apparently   dis- 
tributed     throughout      the 
length  of  the  body  in  a  series 
of  granules. 

^  .        ,      .  ,.-  Fio.    63. — Spirochmta   pallida.      (From    Doflein 

bpirocnaetes  are  motile  or-  after  schaadinn.) 

ganisms,  frequently  showing 

a  rapid  rotatory  movement  which  may  result  in  progression  in  either 
direction.  They  obtain  their  nutriment  by  osmotic  absorption  from 
the  fluid  in  which  they  live.  They  produce  by  dividing  lengthwise 
into  two.    This  fact  of  longitudinal  division  is  the  principal  reason 
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for  regarding  the  spirochsetes  as  Protozoa,  rather  than  as  Bacteria, 
since  the  latter,  when  reproducing  by  division,  always  divide  trans- 
versely. In  size  spirocheetes  range  from  1  micron  to  as  much  as  200 
microns  in  length.  Hence  the  smallest  are  among  the  most  minute 
forms  of  animal  life,  while  the  largest  might  perhaps  be  seen  with 
the  unaided  eye.  So  far  as  known  the  disease-producing  species  are 
nearer  the  lower  limit  than  the  upper  limit  of  size. 

The  parasitic  spirochetes  with  reference  to  their  mode  of  life  may 
be  classified  under  five  headings,  as  follows : 

1.  Inhabitants  of  the  body  cavities. 

2.  Inhabitants  of  normal  mucous  surfaces. 

3.  Inhabitants  of  inflamed  mucous  surfaces  and  ulcers. 

4.  Tissue  parasites. 

5.  Blood  parasites. 

This  series  shows  very  clearly  the  way  by  which  the  origin  of 
parasitism  may  be  explained  from  the  standpoint  of  evolution. 
Beginning  with  the  inhabitants  of  the  organic  cavities,  such  as  the 
intestine,  spirocha?tes  live  merely  as  harmless  commensals  in  the 
contents  of  these  cavities,  subsisting  upon  the  .food  of  the  host 
rather  than  upon  its  secretions  or  tissues.  The  next  step  is  the 
acquisition  of  the  habit  of  living  on  the  surface  of  the  mucous  mem- 
brane, in  which  case  it  may  be  assumed  that  the  parasite  subsists 
upon  mucus.  A  further  stage  is  reached  by  those  forms  which  live 
in  ulcers  or  degenerating  tissues.  The  effete  products  resulting  from 
the  decay  of  the  tissues  furnish  the  spirocheetes  with  an  abundant 
supply  of  food,  and  in  such  regions  they  will  multiply  with  great 
rapidity. 

A\Tien  the  habit  of  living  in  ulcers  and  in  tissues  in  process  of 
breaking  down  is  once  acquired,  it  is  an  easy  step  to  acquire  the 
power  of  penetrating  healthy  tissues,  and  then  of  coming  to  dwell  in 
the  more  deeply  lying  parts  of  the  organism.  Evidently  the  multi- 
plication of  spirocha?tes  in  such  situations  will  cause  local  disturb- 
ances and  the  destruction  of  the  invaded  tissues.  The  effete  products 
resulting  from  such  tissue  destruction,  together  with  those  coming 
from  the  bodies  of  such  parasites  as  die,  form  toxins  which,  getting 
into  the  blood,  are  the  cause  of  general  symptoms. 

The  final  stage  is  reached  when  the  spirochajtes  acquire  the  habit 
of  living  in  the  blood.  They  then  work  harm  to  the  organism  by 
the  production  of  toxins,  which  result  from  the  dissolution  of  dead 
parasites  in  the  blood,  doubtless  combined  with  substances  produced 
by  the  parasites  in  the  course  of  their  metabolism. 

In  the  case  of  the  spirocheetes  which  live  in  the  blood,  it  is  evident 
that  transfer  can  not  be  by  contact,  but  that  the  intervention  of  an 
intermediate  host  is  necessary.  This  intermediate  host  must  be  a 
blood-sucking  invertebrate,  and  in  the  known  cases  it  is  a  biting  bug 
or  a  tick. 
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Plate  XXXVII. 
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Fig.  1.— a  Hen  Suffering  from  Acute  SPiROCH/tTosis.    (After  Balfour.) 


Figs.  2  to  5.— Various  Forms  of  Sarcosporidia. 

2.  Sarcocy}(ti8  blanchardi.    Longitudinal  section  of  an  infocted  muscle  with  young  individual.    (From 

Doflein  after  Van  Eecke.) 

3.  S^rcocystis  tcnella  in  a  Purkinje  cell  of  the  heart  of  a  sheep.    (From  Doflein  after  Sohneidemtihl.) 

4.  Sarcocystis  tmtlla  in  the  wall  of  the  esophagus  of  a  sheep.    (From  Doflein  afler  Schneidemiihl.) 

5.  Sarcocystis  muris  in  muscles  of  mouse. 
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In  the  present  state  of  our  knowledge  the  spirochaetes  do  not  seem 
to  be  so  successful  in  causing  disease  in  the  domesticated  animals 
as  are  other  groups  of  Protozoa.  Although  occurring  in  cattle, 
horses,  and  sheep,  the  diseases  produced  are  by  no  means  severe  and 
seldom  result  in  death.  With  birds,  chickens,  and  geese  the  diseases 
are  of  a  much  more  severe  type  and  show  a  large  lethality.  Even 
here,  however,  they  are  not  of  general  occurrence  and  do  not  seem 
to  cause  any  great  loss.  Yet  the  extreme  pathogenicity  of  the 
spirochsetes  which  are  parasitic  in  man,  namely,  those  causing 
syphilis,  yaws,  recurrent  fever,  and  African  tick  fever,  indicates  that 
the  group  is  a  dangerous  one  to  all  the  higher  forms  of  animal  life. 

Hence  it  may  well  be  that  the  spirochsetes  do  much  more  harm 
than  is  supposed.  There  are  a  number  of  distinct  diseases  of  domes- 
ticated animals  for  which  the  cause  is  unknown,  and  furthermore, 
many  animals  die  of  afflictions  the  symptoms  of  which  are  obscure 
or  ill  defined.  In  all  such  cases  it  is  wholly  within  the  limits  of  the 
possible  that  a  spirocha^te  is  to  blame. 

The  following  species  of  spirochsetes  may  be  mentioned: 

SPIROCHiETA  ANSEBINA. 

This  species  is  from  10  to  20  microns  long,  has  a  very  delicate  body, 
and  many  spiral  curves.  It  occurs  in. geese,  in  which  it  causes  a  very 
fatal  disease.  It  may  be  artificially  transferred  to  chickens  and 
ducks,  in  the  young  of  which  it  causes  a  severe  disease.  During  the 
incubation  period,  S,  amei^tna  lives  in  the  spleen  and  bone  marrow  of 
the  goose,  later  in  the  blood.    The  carrier  of  this  species  is  not  known. 

SPIROCH^TA   GALLINARUM. 

This  species  is  15  to  20  microns  long.  Discovered  originally  in 
Brazil,  it  occurs  naturally  in  chickens,  but  is  easily  transmitted  to 
geese,  pigeons,  ducks,  and  a  number  of  sparrowlike  birds.  It  can  not 
live  in  mammals.  One  attack  renders  chickens  immune.  This  spiro- 
chaete  is  remarkable  in  that  it  sometimes  penetrates  the  red  blood  cells. 
It  has  also  been  found  in  the  epithelium  of  chick  embrj^os  and  in  the 
eggs.    The  carrier  is  a  tick,  Ai^gas  miniatus. 

A  disease  occurs  among  chickens  in  the  southern  United  States 
which  shows  the  same  symptoms  as  the  spirocha^te  disease.  Further- 
more, it  seems  always  to  be  accompanied  by  the  presence  of  the  tick 
Arg^s  miniatus^  which  has  been  proved  to  be  the  carrier  of  Spii'oehceta 
gaUmarmn^  so  that  it  is  highly  probable  that  the  disease  is  a  spiro- 
cha^tosis.  Plate  XXXVII,  figure  1,  shows  a  hen  suffering  from  an 
infection  of  S.  gallinanim, 

spiRocnjETA  theilf:ri. 

This  species,  discovered  by  Theiler  in  South  Africa,  measures  20  to 
30  microns  long  by  li  to  1 J  microns  wide.    It  is  pointed  at  both  ends. 
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It  occurs  in  cattle  and  is  transmitted  by  the  tick  BoophUtts  decolo- 
ratus.  It  is  pathogenic,  but  only  slightly  so,  seldom  or  never  causing 
death. 

SPIROCHJETES  OF  HORSES  AND  SHEEP. 

Spirochetes  have  been  found  in  horses  and  sheep,  but  little  is 
known  concerning  them  or  concerning  the  diseases  which  they  may 
cause. 

FLAGELLATA. 

The  Flagellata  are  rounded  or  elongated  in  shape,  and  are  provided 
with  one  or  more  flagella.  The  form  of  the  body  varies  a  good  deal 
(see  PL  XXXVIII  and  figs.  64  to  72)  and  is  to  a  large  extent  corre- 
lated with  the  number  and  mode  of  insertion  of  the  flagella. 

The  flagella,  the  characteristic  organs  of  this  group,  are  delicate, 
whiplike  outgrowths  from  the  body,  capable  of  movement  in  any 
direction  and  of  the  most  varied  character.  In  number  they  range 
from  one  to  six,  or  even  more.  Mostly  they  project  freely  from  the 
body,  but  in  some  a  flagellum  forms  the  border  of  a  delicate  mem- 
brane running  along  the  body  and  known,  on  accoimt  of  its  move- 
ments, as  the  undulating  membrane.  The  flagella  which  form  the 
border  of  the  undulating  membrane  may  be  as  long  as  the  undulating 
membrane,  or  longer,  projecting  free. 

Flagellates  feed  in  various  ways.  Some  of  the  free-living  forms 
possess  a  mouth  and  cytopharynx,  and  live  on  solid  food.  But  the 
greater  number  live  by  osmosis,  and  this  is  necessarily  the  method  of 
nutrition  of  all  the  parasitic  forms. 

The  parasitic  genera  of  flagellates  are  as  follows: 

Trypanosoma  (PL  XXXVIII). 

Cryptohia  {=^Trypanoplasma)  fig.  64;  PI.  XXXVIII,  fig.  16). 

Cercomonas  (fig.  65). 

Herpetomonas  (fig.  66). 

Crithidia  {&g.(j7), 

Bodo  (figs.  68  and  69). 

Costia  (fig.  70). 

Monocercomonas. 

Trichomonas  (fig.  71). 

Uexamitia. 

Lamhlia  (fig.  72). 

Polymxistix, 
Aj&  was  seen  to  hold  for  the  spirochsetes,  there  is  here  also  a  regular 
gradation  from  harmless  inhabitants  of  the  cavities  of  the  body  up 
to  the  extremely  pathogenic  dwellers  in  the  blood.  A  large  number 
of  forms  live  in  such  places  as  the  recta  of  frogs  and  salamanders  and 
in  the  various  cavities  of  fresh-water  animals.  These,  it  may  be 
assumed,  are  just  beginning  a  parasitic  life,  the  character  of  their 
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environment  differing  but  little  from*  that  of  infusions  of  organic 
matter.  Such  parasites  can  scarcely  be  considered  as  doing  any  harm 
to  their  host,  and  presumably  have  selected  such  an  environment  on 
account  of  its  furnishing  a  constant  supply  of  food. 

Other  forms  {Trichomonas^  Bodo^  Lamblia,  etc)  live  habitually 
in  the  alimentary  canals  of  the  higher  animftls.  These  are  at  times 
associated  with  morbid  conditions  and  have  then  been  noticed  to  be- 
come more  abundant.  It  is  not,  however,  supposed  that  they  cause 
the  morbid  conditions.  Rather  it  is  the  other  way  about,  the  morbid 
conditions  furnishing  a  richer  and  more  abundant  pabulum  which 
causes  a  more  abundant  growth  of  the  parasite. 

Finally,  in  the  blood  forms  belonging  to  the  genus  Trypanosoma 
we  come  to  some  of  the  most  destructive  parasites  known. 

TRYPANOSOMA. 

The  form  and  appearance  of  the  trypanosomes  are  shown  on  Plate 
XXXVIII.  The  body  is  elongated  and  may  be  blunt  or  pointed  at 
the  ends.  Centrally,  there  is  a  round  or  oval  body,  the  nucleus 
proper,  or  trophonucleus.  Behind  this,  and  usually  very  close  to  the 
posterior  end  of  the  body,  is  a  very  much  smaller  body,  the  centro- 
some,  blepharoplast,  or  kinetonucleus.  From  the  kinetonucleus  arises 
the  flagellum  which  runs  to  the  surface,  emerges,  and  passing  forward 
forms  the  border  of  the  undulating  membrane.  In  most  trypan- 
osomes the  flagellum  is  longer  than  the  undulating  membrane,  dis- 
playing a  free  portion  which  may  be  as  long  as  the  entire  body.  It  is 
conventional  to  refer  to  the  end  from  which  the  free  flagellum  pro- 
trudes as  the  anterior  end. 

Trypanosomes  are  parasites  of  vertebrates  ranging  from  fishes  to 
man.  They  are  confined  to  the  blood,  lymph,  or  cerebrospinal  fluid, 
and  hence,  with  one  exception  to  be  noted  below,  the  intervention  of 
an  intermediate  host  is  necessary  for  their  transfer.  In  the  case  of 
certain  of  the  mammalian  trypanosomes  the  carrier  is  known  to  be 
a  fly,  and  some  biting  arthropod  is  probably  the  intermediate  host 
for  the  trypanosomes  of  all  terrestrial  vertebrates.  In  all  cases 
where  the  carrier  of  the  trypanosomes  of  fishes  and  frogs  has  bejen 
discovered  it  is  some  species  of  leech. 

The  transfer  of  trypanosomes  by  the  invertebrate  host  is  effected 
in  two  ways — the  indirect  or  biological  and  the  direct  or  mechanical. 
The  former  is  wholly  analogous  to  what  takes  place  in  the  transmis- 
sion of  malaria  by  mosquitoes.  The  fly  bites  an  animal-  suffering 
from  the  disease,  taking  up  a  number  of  trypanoscwnes  with  the  blood. 
These  are  not  digested  by  the  fly,  but  go  through  certain  biological 
processes,  and  may  apparently  even  disappear  as  trypanosomes.  At 
all  events  the  fly,  after  the  first  few  hours,  generally  ceases  to  be 
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Plate  XXXVIII. — Various  Species  of  TRYPANOftoMA. 

1.  Trypanosoma  letcisi,  of  the  rat. 

2.  Trypanosoma  lewisi,  multiplication  rosette. 

3.  Trypanosoma  lewiai,  small  form   resulting  from  the  disintegration   of   a 

rosette. 

4.  Trypanosoma  brucei,  of  nagana. 

5.  Trypanosoma  equinum,  of  caderas. 

6.  Trypanosoma  gamhiensc^  of  sleeping  sickness. 

7.  Trypanosoma  gamhiense^  undergoing  division. 

8.  Trypanosoma  iheileri^  a  harmless  trypanosome  of  cattle. 

9.  Trypanosoma  trans valiense,  a  variation  of  T.  theileri. 

10.  Trypanosonya  avium,  a  bird  trypanosome. 

11.  Trypanosoma  damoniw,  of  a  tortoise. 

12.  Trypanosoma  solew,  of  the  flat  fish. 

13.  Trypanosoma  granulosuni,  of  the  eel. 

14.  Trypanosoma  rajce,  of  the  skate. 

15.  Trypanosoma  rotatorium,  of  frogs. 

16.  Cryptohia  horreli,  of  the  red-eye  (a  fish). 
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Plate  XXXVIII. 


Various  Species  of  Trypanosoma.    (From  Laveran  and  Mesnil.) 
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infective,  and  remains  noninfective  for  a  number  of  days.  After 
this  lapse  of  time,  however,  the  trypanosomes  within  the  fly  resume 
their  ability  to  infect  any  host  which  the  fly  may  bite.  Moreover,  flies 
which  have  thus  become  infective  remain  so,  so  far  as  is  known,  for 
the  remainder  of  their  lives,  the  trypanosomes  continually  multiply- 
ing within  them.  *  In  the  experimental  work  so  far  done,  however, 
only  a  small  proportion  of  flies — from  5  to  20  per  cent — acquire  this 
permanent  infection,  although  it  is  believed  that  in  nature  this  per- 
centage is  much  larger. 

The  second  method  of  transfer  is  the  direct  or  mechanical.  If  a 
fly  bites  a  sick  animal,  and  very  shortly  afterwards  a  healthy  one, 
the  latter  may  contract  the  disease.  This  is  due  to  the  fact  that  as 
a  result  of  the  first  bite  the  proboscis  of  the  fly  becomes  charged 
with  trypanosomes  and  these  are  deposited  in  the  wound  made  when 
the  fly  bites  for  the  second  time.  The  experiment  has  been  tried  of 
permitting  a  fly  to  bite  a  sick  animal,  and  then,  successively,  two 
healthy  ones.  It  was  found  that  of  the  latter  the  one  first  bitten 
usually  contracted  the  disease,  whereas  the  second  did  not.  In  other 
words,  the  fly  cleaned  its  proboscis  while  biting  the  first  of  the 
healthy  animals.  The  ability  to  infect  by  the  direct  method  is  usually 
lost  at  the  end  of  a  few  hours,  but  has  been  maintained  for  as  long 
as  two  or  three  days. 

In  the  transfer  of  a  trypanosome  by  the  indirect  method,  while 
there  may  be  more  than  one  insect  host,  these,  in  the  known  cases, 
are  closely  allied  species.  This  is  what  we  should  expect,  as  it  is 
unlikely  that  a  protozoan,  adapted  to  spend  a  portion  of  its  life 
cycle  in  a  fly,  could  do  so  equally  well  in  a  bug  or  a  tick.  This,  more- 
over, is  confirmed  by  observations  made  on  the  transmission  of  the 
trypanosomes  of  cold-blooded  vertebrates  by  leeches.  Here  it  has 
been  found  that  a  given  species  of  leech  is  necessary.  In  other  than 
the  right  leech  the  trj^panosomes  live  for  a  time,  but  can  not  go 
through  the  proper  developmental  stages,  and  such  leeches  do  not 
become  infective. 

In  direct  transmission  it  apparently  makes  but  little  difference 
what  species  of  biting  arthropod  is  involved,  the  essential  condition 
being  that  the  interval  between  bites  be  only  a  matter  of  a  few  hours. 
The  fly  acts  merely  as  a  scalpel  or  hypodermic  needle.  Indeed,  it 
has  been  found  that  the  house  fly,  which  can  not  bite  at  all,  can  trans- 
fer surra  by  sucking  alternately  a  raw  surface  on  a  sick  and  a  well 
animal. 

In  the  blood  of  vertebrates  trypanosomes  increase  by  bipartition, 
which  is  always  longitudinal.  It  may  be  a  mere  splitting  into  two 
generally  equal  daughter  cells,  or  a  sort  of  rosette  formation  (see 
PI.  XXXVIII,  fig.  2),  which  latter,  however,  is  only  bipartition  in 
which  the  daughter  cells  remain  together  for  a  longer  or  a  shorter 
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period  of  time.    Nothing  in  the  way  of  conjugation  or  encystment 
has  ever  been  observed. 

Knowledge  as  to  what  takes  place  in  the  intermediate  host  is  meager. 
Here,  in  addition  to  normal  trypanosomes,  there  are  flagellates  re- 
sembling the  more  primitive  cercomonads  or  herpetomonads.  These 
are  presumed  to  arise  from  division  of  the  imbibed  tiypanosomes, 
but  the  exact  processes  taking  place  in  the  fly  have  not  yet  been 
worked  out* 

TRYPANOSOMA  GAMBIElfSE. 

This  is  the  agent  of  sleeping  sickness,  and  while  primarily  of  inter- 
est to  human  medicine,  is  also  of  interest  to  the  live-stock  industry, 
since  it  has  been  found  to  be  pathogenic  for  many  other  animals  be- 
sides man.  Sleeping  sickness  seems  to  have  been  first  described  by 
Winterbottom,  in  1803,  as  occurring  in  Sierra  Leone,  on  the  West 
Coast  of  Africa.  It  was  not,  however,  until  a  good  deal  later,  from 
1860  onward,  that  it  began  to  attract  attention.  Between  1891  and 
1902  a  considerable  number  of  alleged  "causes''  were  discovered, 
all  belonging  to  the  bacteria.  A  blood  filaria  was  also  blamed,  and 
one  or  two  investigators  attributed  the  disease  to  errors  in  diet  In 
1901,  however,  Dutton,  examining  the  blood  of  a  European  patient 
at  Bathurst,  Gambia,  recognized  the  parasite  as  a  trypanosome  and 
named  it  Trypanosoma  gambiense.     (See  PI.  XXXVIII,  figs.  6,  ?•) 

A  little  later  Castellani  found  a  trypanosome  in  the  cerebrospinal 
fluid  of  negroes  in  Uganda.  It  had  not  at  first  been  known  that  the 
Uganda  disease  and  that  of  the  West  Coast  were  the  same,  but  the 
discovery  of  trypanosomes  in  both  suggested  their  identity,  a  con- 
clusion which  has  been  confirmed  by  all  subsequent  work. 

Sleeping  sickness,  then,  ranges  from  the  West  Coast  of  Africa 
across  to  Uganda,  and  as  a  result  of  the  recent  exploitation  of  this 
region,  is  spreading.  At  present  its  range  is  the  valleys  of  the 
Senegal,  Niger,  Congo,  and  Upper  Nile  Rivers. 

The  disease  shows  two  phases,  the  first  that  of  so-caUed  trypano- 
some fever,  the  second  that  of  sleeping  sickness.  The  first  stage, 
which  may  last  from  a  few  weeks  to  several  years,  is  characterized 
by  enlargement  of  the  glands  and  generally  by  fever.  The  trypano- 
somes are  always  scanty,  and  can,  as  a  rule,  be  found  only  in  gland 
juice.  In  the  second  stage,  or  sleeping  sickness,  the  marked  feature 
is  the  gradually  increasing  lethargy.  I  quote  from  the  English 
edition  of  Laveran  and  Mesnil,  page  374 : 

The  drowsiness  Increases,  and  the  patient's  attitude  becomes  characteristic 
The  head  falls  forward  on  the  chest  and  the  eyelids  are  closed.    At  first  the 

^Very  recently,  however,  It  has  been  shown  that  in  the  tsetse  fly,  Tryi>af»o«offia  gem- 
Men«e  does  not  undergo  any  radical  morphological  changes,  and  that  after  remaining  for 
a  certain  time  in  the  alimentary  canal  it  gains  the  salivary  glands. 
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patient  is  easily  aroused  from  this  drowi^  condition,  but  soon  he  reaches  that 
stage  in  which  he  falls  sound  asleep,  almost  in  any  attitude,  and  umder  any 
conditions,  especially  after  meals.  These  periods  of  sleep,  which  become 
gradually  longer  and  more  profound,  lead  eventually  to  a  comatose  condition, 
from  which  the  patient  can  be  aroused  only  with  the  greatest  difDculty.  It  is 
at  this  stage  that  the  temperature  becomes  subnormal  and  death  occurs. 

Sleeping  sickness  is  ordinarily  fatal,  although  occasional  cures  are 
reported.  Besides  man,  Trypanosoma  gambiense  is  pathogenic  for 
a  large  number  of  other  mammals — ^monkeys,  lemurs,  the  dog,  jackal, 
cat,  rabbit,  guinea  pig,  rat,  mouse,  jerboa,  hedgehog,  marmot,  horse, 
donkey,  cow,  goat,  and  sheep. 

The  carrier  is  Glosdna  palpalisj  a  species  of  tsetse  fly.  Experi- 
mental work  shows  that  the  fly,  after  biting  an  animal  harboring 
T.  gambiensey  is  noninfective  for  a  period  of  some  days,  after  which 
it  becomes  infective.  There  are  also  reasons  for  suspecting  that  other 
species  of  Glossina  can  carry  sleeping  sickness. 

TBYPANOSOMA  BBUCEI. 

In  1895  Bruce  discovered  that  nagana,  or  the  so-called  tsetse-fly 
disease  of  Africa,  was  caused  by  a  trypanosome.    He  writes: 

Nagana,  or  the  fly  disease,  is  a  specific  disease  which  occurs  in  the  horse, 
mule,  ox,  dog,  cat,  and  many  other  animals,  and  varies  in  duration  from  a  few 
days  or  weeks  to  many  months.  It  is  invariably  fatal  in  the  horse,  donk^,  and 
dog,  but  a  small  percentage  of  cattle  recover.  It  is  characterized  by  fever, 
infiltration  of  coagulable  lymph  into  the  subcutaneous  tissue  of  the  neck,  abdo- 
men, or  extremities,  giving  rise  to  swelling  in  these  regions,  by  a  more  or  less 
rapid  destruction  of  the  red  blood  corpuscles,  extreme  emaciation,  often  blind- 
ness, and  the  constant  occurrence  In  the  blood  of  an  infusorial  parasite. 

Bruce  adds  that  nagana  is  a  Zulu  word,  and  has  reference  to  the 
state  of  depression  and  weakness  of  the  infected  animal. 

The  disease  is  present  generally  throughout  Africa  north  of  the 
Tropic  of  Capricorn,  except  Tunis,  Algeria,  and  Morocco.  As  in  the 
case  of  sleeping  sickness,  the  trypanosome  can  live  in  nearly  all  mam- 
mals, and  to  most  of  them  it  is  fatal.  In  rats  and  mice  division  pro- 
ceeds with  such  energy  that  the  parasites  may  become  as  abundant 
as  the  red  blood  cells.  The  parasite,  which  is  appropriately  given 
the  name  of  its  discoverer,  is  shown  in  figure  4  of  Plate  XXXVlJX 
The  carrier  is  not  certainly  known,  the  credit  generally  being  given 
to  Glossina  morsitans,  but  Glosaina  pallidipes  is  regarded  as  playing 
perhaps  an  equal  r61e  in  this  respect.  As  yet,  however,  no  accurate 
experimental  work  has  been  undertaken  with  these  flies. 

TBYPANOSOMA  EVANSI. 

Surra  plays  the  same  part  in  Asia  which  nagana  does  in  Africa. 
Surra  is  a  Hindu  word  meaning  rotten.  The  parasite  causing  the 
disease,  Trypanosoma  evami^  was  discovered  by  Steel  in  1885.    The 
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disease  occurs  naturally  in  horses,  camels,  and  dogs,  and  is  inoculable 
into  a  krge  number  of  animals  with  the  usual  fatal  results.  Horses 
always  die,  the  duration  of  the  disease  being  from  a  few  weeks  up  to 
six  months.  Camels  resist  the  disease  for  as  much  as  three  years.  In 
India  cattle  are  generally  resistant,  although  harboring  the  parasite 
in  their  blood.  When,  however,  in  1901,  the  disease  was  introduced 
into  the  island  of  Mauritius  cattle  succumbed  as  easily  as  horses. 

The  disease  occurs  throughout  southern  Asia  from  Persia  to  China, 
in  all  of  the  East  Indian  islands,  the  Philippines,  Korea,  Australia, 
and  in  Africa  in  Mauritius  and  in  Madagascar.  Camel  surra,  under 
the  native  name  of  mbori,  also  occurs  in  northern  Africa. 

The  specific  carrier  is  unknown.  The  tsetse  flies  are  not  known 
in  Asia,  their  place  being  taken  by  Tabanids  and  the  ubiquitous 
Stomoxys  calcitraiis^  the  stable  fly.  It  has  been  determined  that 
surra  can  be  transmitted  by  any  or  all  of  these  flies,  but  so  far  as  the 
evidence  goes,  none  of  them  are  infective  for  more  than  a  day  or  so 
after  biting  an  infected  animal,  and  they  thus  serve  merely  as  direct 
carriers. 

TBYPANOSOMA   EQUINUM. 

Mai  de  caderas,  or,  more  briefly,  caderas,  caused  by  the  parasite 
Trypanosoma  equimim  (see  PI.  XXXVIII,  fig.  5),  is  a  disease  which 
affects  horses  in  South  America.  The  following  is  taken  from  the 
English  edition  of  Laveran  and  Mesnil,  page  293 : 

The  first  sign  of  the  disease  in  horses  is  wasting,  which  rapidly  progresses 
In  spite  of  a  good  appetite.  The  temperature  is  often  raised  to  104°  to  105.8**  F. 
After  a  variable  time  it  Is  noticed  that  the  hind  quarters  are  weak,  and  that 
the  animal  drags  its  legs,  the  hoofs  grazing  the  ground.  These  symptoms  in- 
crease and  become  characteristic,  so  that  when  the  animal  Is  made  to  walk 
It  staggers  along,  the  hind  quarters  swaying  from  side  to  side.  On  account  of 
this  symptom  the  name  mal  de  caderas,  or  disease  of  the  hind  quarters,  has 
been  given  to  the  disease.  There  comes  a  time  when  the  animal  is  unable  to 
stand.  If  in  the  stable  It  leans  up  against  the  wall  or  seeks  other  support,  if  in 
the  open  it  staggers  and  falls.  After  thus  falling  to  the  ground  an  animal  may 
live  for  several  days  if  it  be  fed;  otherwise  the  inevitably  fatal  end  is  hastened 
by  inanition. 

The  parasite,  T.  equinum^  was  discovered  in  1901  by  Elmassian. 
The  only  domesticated  animals  in  which  caderas  occurs  sponta- 
neously are  horses  and,  rarely,  dogs.  But  the  carpincho^  a  Jaigc 
rodent,  is  very  susceptible,  frequently  dying  in  large  nimibers,  and 
such  outbreaks  are  frequently  the  forerunners  of  epizootics  among 
horses. 

The  disease  ranges  throughout  the  greater  part  of  South  America, 
but  is  not  present  in  the  northwestern  part  of  the  continent,  nor  along 
the  Pacific  coast. 

Caderas  is  always  fatal  to  horses,  and  also  to  a  considerable  number 
of  small  animals  to  which  it  may  be  artificially  inoculated.    It  has, 
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however,  little  or  no  effect  on  cattle,  sheep,  goats,  and  swine.  If 
such  animals  be  artificially  inoculated,  the  trypanosomes  may  remain 
present  in  their  blood  in  very  small  numbers  for  a  longer  or  shorter 
time,  but  no  inconvenience  is  suffered. 

TRYPANOSOMA   EQUIPEBDUM. 

Dourine,  maladie  du  coit,  or  horse  syphilis,  is  a  disease  of  horses 
which  is  present  more  or  less  throughout  the  world.  It  is,  however, 
by  no  means  so  important  to  veterinary  science  as  are  other  animal 
trypanosomiases.  This  disease  is  peculiar  in  that  there  is  no  inter- 
mediate host,  the  trypanosome  being  inoculable  by  contact,  like  the 
spirochsete  of  human  syphilis.  Infection  is  usually  by  coition,  and 
hence  only  stallions  and  brood  mares  are  involved.  • 

It  was  originally  supposed  that  the  trypanosome  could  gain  en- 
trance only  through  abrasions  in  the  mucous  membranes,  but  recent 
work  shows  that  it  is  able  to  work  through  wholly  intact  membranes. 
In  general,  dourine  runs  a  chronic  course,  lasting  from  two  to  six 
months,  sometimes  as  long  as  two  or  three  years.  Occasionally  it 
is  acute,  killing  the  animal  within  a  shorter  period. 

Dourine  is  inoculable  to  dogs,  rabbits,  ani  other  animals,  but  is 
not  pathogenic  for  as  many  species  as  are  nagana,  surra,  or  caderas. 

Infection  being  by  contact,  dourine  is  easily  controlled,  since  all 
that  is  necessary  to  do  is  to  destroy  the  infected  animals.  The  prob- 
lem presents  none  of  the  difficulties  that  come  up  in  the  case  of  dis- 
eases like  nagana  and  surra,  where  not  only  must  the  diseased  animals 
be  destroyed,  but  all  healthy  ones  must  be  shielded  from  the  attacks 
of  possibly  infected  flies. 

TRYPANOSOMA  AMERICANUM. 

This  species,  though  apparently  a  harmless  parasite,  deserves  at- 
tention on  account  of  its  common  occurrence  among  American  cattle. 
Its  presence  in  cattle  can  usually  be  demonstrated  only  by  the  culture 
method,  the  trypanosomes,  if  present,  becoming  sufficiently  numerous 
ill  the  tubes  in  a  few  days  to  be  found  readily  by  the  microscope.  It 
occurs  in  the  United  States  and  also  in  the  Philippine  Islands  and  in 
Europe. 

OTHER  TRYPANOSOMES. 

Trypanosoma  dimorphan  causes  a  specific  disease  of  horses  in 
Gambia  and  in  French  Guinea.    The  carrier  is  Glossina  palpalis. 

Trypanosoma  vivax  attacks  cattle,  sheep,  and  goats  in  the  coast 
region  of  the  Cameroons.  Trypanosoma  congolense  is  pathogenic  for 
sheep  and  pigs  in  the  Congo  Free  State. 

Other  trj'panosomes  might  be  mentioned  which  attack  domesti- 
cated animals  in  Africa,  where  every  mammal  seems  to  have  several 
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parasites  bent  upon  its  destruction, 
tedious  to  give  a  list  of  all  of  them. 


It  would,  however,  be  only 


TBTPANOSOMES  OF  BIBD8,  REPTILES,  BATBACHIA,  AND  FISHES. 

In  birds  trypanosomes  are  of  wide  distribution,  but  generally  rare 
in  the  individual  bird.  Practically  nothing  is  known  as  to  their 
pathogenicity.  A  French  savant,  Thiroux,  by 
artificially  inoculating  Java  sparrows  with  tryp- 
anosomes which  came  from  other  birds  of  the 
same  species  in  some  cases  produced  death.  But, 
so  far  as  our  knowledge  goes  at  present,  the  tryp- 
anosomes of  birds  are  of  little  economic  interest. 
Reptiles  and  batrachians  are  frequently  in- 
fected with  trypanosomes,  but  the  disease  of 
these  animals  are  not  of  interest  in  the  present 
connection. 

A  large  number  of  both  fresh-water  and  ma- 
rine fishes  are  parasitized  by  trypanosomes.  Fol- 
lowing, however,  what  seems  to  be 
the*sual  rule  for  vertebrates  lower 
than  mammals,  the  organisms  are 
generally  scanty  in  the  blood. 
There  is  no  good  evidence  that  any 
member  of  the  genus  Trypanosoma 
is  pathogenic  for  fishes,  yet  it  would 
be  a  leap  in  the  dark  to  say  that 
none  is.  So  far,  the  fish  trypanosomes  have 'been 
studied  wholly  from  the  zoological  viewpoint,  the 
question  of  their  pathogenicity  not  being  taken  into 
account. 

CRYPTOBIA. 

The  genus  Cryptobia^  usually  known  as  Trypano- 
plasmay  was  created  in  1846  by  Leidy  for  an  organism 
living  in  the  seminal  vesicles  of  a  snail.  The  members 
of  this  genus  look  a  good  deal  like  trypanosomes,  but 
diflPer  in  two  respects.  They  are  portrayed  in  figure  64 
and  in  Plate  XXXVIII  (16).  From  these  it  may  be 
seen  that  there  are  two  flagella,  one  forming  the  edge  of 
an  undulating  membrane,  the  other  projecting  freely, 
the  kinetonucleus,  instead  of  being  a  small  granule,  as  in  trypano- 
somes^ is  here  a  body  which  may  be  nearly  as  large  as  the  trophonucleus. 
It  is  the  convention  to  regard  the  thicker  end — the  one  from  which 
the  free  flagellum  projects — as  anterior,  although  this  appears  to 
reverse  the  relations  as  they  are  interpreted  in  the  trypanosomes. 


Fig.  64.  —  Cryptobia 
helici».  (From  Bu- 
reau of  Animal  In- 
dustry Bulletin 
119.) 


Fig.  65. — Cer- 
CO  monas 
onusicQuda. 
(After  Do- 
flein.) 

In  addition, 
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Fia.  66. — Herpetomonas  jaculum. 
Porter.) 


(After 


Cryptobia  is  not  in  all  cases  a  blood  parasite.  The  type  species, 
as  stated,  lives  in  the  seminal  vesicles  of  a  snail,  and  another,  Cryp- 
tobia intestinalisy  is  an  intestinal  parasite.  Mostly,  however,  the 
members  of  the  genus  are  para- 
sites of  the  blood  of  fishes,  and 
some  are  known  to  be  highly 

pathogenic.   So  far  as  is  yet  ^  j^f., 

known,  no  species  of  this  genus 
attacks  any  of  the  domesticated 
animals. 

CERCX)MONA8. 

The  appearance  of  this  or- 
ganism is  indicated  by  figure  65. 

A  number  of  flagellated  para- 
sites have  been  credited  to  the 
genus  CercomonaSy  but  in  the 
main  they  are  poorly  described. 
They  occur  in  the  intestines  of 
invertebrates,  and  of  man,  the 
dog,  goose,  and  fowl.  Cerco- 
monads  have  also  been  said  to  occur  in  wounds  and  ulcers,  but  in  some 
cases,  at  least,  it  is  questionable  if  such  observations  are  authentic. 
Little  can  be  said  as  to  the  pathogenicity  of  the  members  of  this  genus. 

HERPETOMONAS. 

The  species  of  this 
genus  (see  fig.  6G)  are 
elongated  flagellates 
with  a  long  flagellum 
at  the  anterior  end. 
There  is  a  kineto- 
nucleus,  from  which 
arises  the  flagellum, 
and  a  trophonucleus. 
All  are  parasites,  and 
so  far  all  have  been 
foimd  in  the  intes- 
tines of  invertebrates. 
They  are  common  in 
flies  and  mosquitoes. 

CRITHmiA. 

Crithidia   (fig.  67) 

Fio.  iSl,-CritHidiagemdis.     (After  Porter.)  jg       ^      ^^^^^      ^j^j^j^ 

stands  between  Herpetomonas  and  Trypanosoma.  There  is  a  flagel- 
limi,  a  short  imdulating  membrane,  a  kinetonucleus,  and  a  tropho- 
3'— 11 31 
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Fig.  68. — Bodo  gryl- 
lotalpw.  (From  Do- 
fleln,  after  Grasst.) 


nucleus.  The  species  described  are  parasites  of  insects  and  hence 
of  no  special  interest  in  the  present  connection.  In  their  evolution 
in  culture  tubes  trypanosomes  pass  through  a  crithidial  stage,  sug- 
gesting that  TrypanosoTJia  has,  in  its  evolution, 
passed  through  a  Crithidia  stage. 

BODO. 

Bodo  (figs.  68  and  69)  is  a  biflagellate  organ- 
ism, bearing  a  certain  resemblance  to  Cryptobia, 
This  comes  about  from  the  fact  that  whereas 
Bodo    has    no    undulating    mem- 
brane, one  of  the  flagella  is  usu- 
ally  bent   backward   and   is   kept 
constantly     close     to     the     body. 
There   are   also,   as   in   Cryptohia^ 
two    nuclei.     All    the    species    of 
Bodo   are   parasites,   mostly   of   invertebrates.     One, 
B.  urinariusj  has  been  observed  in  freshly  discharged 
human  urine. 

CX)8TIA. 

Costia  (fig.  70)  possesses  three  fiagella  according  to 
some  authorities,  or  four,  according  to  others.    The 

genus  is  important  in 
that  it  does  consider- 
able damage  as  a  para- 
site of  food  fish.  But 
Costia  differs  from  all 
of  the  other  flagellates  which  have 
been  considered  because  it  is  an  ecto- 
parasite and  lives  on  the  skin  and 
gills.  Goldfish,  trout,  trout  embryos, 
carp,  and  other  fish  are  attacked. 
The  parasite  anchors  itself  with  its 
long  flagellum,  becoming  so  firmly  at- 
tached that  it  can  be  removed  only 
with  diflScuIty. 

These  parasites  may  be  present  in 
enormous  numbers.  They  provoke 
lesions  of  the  skin  and  hemorrhages 
of  the  gills.  Freshly  infected  embryos  die  in  two  days;  goldfish 
live  longer,  but  slowly  succumb.  No  successful  treatment  has  ever 
been  discovered. 


FiQ.  69. — Bodo 
la  ce  r  t  a . 
(From  Do- 
fleln,  after 
Prowazck.) 


Fio.  70. — Costia  necatriw.     (From 
DoflelD,  after  Hemieguy.) 
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MONOCERCOMONAS. 


FIG.  71.— Tricho- 
monas hairach- 
orum.  (From 
DoflelD,  after 
Blochmann.) 


This  is  a  small  form  possessing  four  flagella.  The  species  are  all 
parasites,  living  in  the  intestines  of  vertebrates  and  invertebrates. 
There  is  no  good  reason  to  regard  any  as  pathogenic. 

TRICHOMONAS. 

This  genus  (fig.  71)  is  characterized  by  the  posses- 
sion of  either  three  or  four  equally  long,  free  fla- 
gella, arising  at  the  anterior  end.  In  those  cases 
where  only  three  flagella  are  present  there  arises 
from  the  same  point  of  origin  an  undulating  mem- 
brane which  runs  spirally  around  the  body  and  often 
is  prolonged  behind  into  a  free  flagellum. 

Trichomonads  occur  in  batrachia,  lizards,  snakes, 
birds,  and  in  many  mammals.  The  various  forms 
occurring  in  these  different  hosts  are  all  much  alike 
morphologically,  and  it  is  not  known  whether 
there  are  actually  few  or  many  distinct  species. 
They  are  mostly  parasites  of  the  alimentary  canal, 
but  one  form  is  at  times  found  in  the  vaginal  mucus  of  Homo, 
Whereas  they  are  at  times  associated  with  morbid  conditions,  there 
is  no  reason  to  suppose  them  pathogenic. 

IIEXAMITUS. 

The  species  of  the  genus  Ilexamitus  are  in 
some  cases  intestinal  parasites,  but  are  appar- 
ently not  of  much  economic  importance. 

LAMBLIA. 

Larnhlia  (fig.  72)  lives  in  the  intestines  of 
man  and  other  manunals.  In  inflammation  of 
the  intestinal  mucous  membrane  Larnhlia  be- 
comes very  much  more  abundant,  and  recent 
work  suggests  that  such  great  increases  in 
numbers  may  cause^  dysentery.  It  may  be 
noted  also  that  Larnhlia^  unlike  THchomonas^  Bodo^  etc.,  spends  its 
life  upon  the  mucous  membrane  rather  than  free  in  the  intestinal 
conduits.  As  shown  by  the  figure,  the  anterior  end  of  the  parasite 
is  hollowed  out  to  form  a  saucerlike  depression,  and  the  flagellate 
attaches  itself  to  the  free  ends  of  the  intestinal  cells  by  fitting  over 
them  this  saucerlike  depression.  It  is  accordingly  easy  to  see  that 
when  present  in  large  numbers  the  parasite,  by  forming  a  sort  of 
coating  on  the  mucous  membrane,  might  set  up  disturbances. 


Fig.  72. — Lamblia  inirs- 
tinalis.  (From  Doflein, 
after  Grass!  and 
Schewlakoff.) 
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RHIZOPODA. 

The  general  appearance  of  a  simple  rhizopod  is  shown  by  figure 
73,  Amceha  proteus^  the  common  fresh-water  ameba.  It  is  seen  to 
show  a  differentiation  into  ectosarc  and  endosarc,  the  difference  be- 
tween the  two  being  that  the  ectosarc  is  somewhat  more  dense  and 
does  not  contain  granules.  Amebas  are  organisms  which  continually 
undergo  changes  of  shape,  these  changes  constituting  a  type  of 
motion  sui  generis,  which  when  displayed  by  other  Protozoa  and  by 
metozoan  cells  is  spoken  of  as  ameboid.  Within  the  endosarc  are 
the  nucleus  and  contractile  vacuole,  permanent  possessions,  and  in 

addition  to  these  food 
vacuoles  and  granules 
of  Various  sorts. 

Rhizopods  seem  al- 
ways to  subsist  upon 
solid  food,  which  is 
merely  engulfed;  that 
is,  on  coming  into 
contact  with  a  parti- 
cle of  food  the  ameba 
• 

merely  flows  around 
and  incloses  it. 
Within  the  cytoplasm 
a  certain  amount  of 
liquid  is  secreted 
around  the  food  par- 
ticle, thus  forming  a 
food  vacuole.  This 
liquid  presumably 
holds  some  chemical 
in  solution,  since  in 
the  course  of  time  the 
digestible  portions  of  the  food  particle  are  liquefied  and  absorbed, 
while  the  residuum  is  cast  out  by  a  process  much  the  same  as  that 
which  brought  it  in. 

The  known  parasitic  species  are  few  in  number  and  belong  to 
either  one  of  the  two  genera.  Amoeba  and  Entamoshd,  Four  species 
are  known  to  occur  in  man,  one  of  them  the  cause  of  a  rather  serious 
disease,  amebic  dysentery,  which  is  widespread  in  the  Tropics.  Ame- 
boid organisms  are  by  no  means  rare  in  the  alimentary  canal  of 
domesticated  animals,  but  there  does  not  seem  to  be  any  satisfac- 
torily authenticated  case  of  pathogenicity.  Amceha  meleagridis  is 
the  name  given  by  Theobald  Smith  to  an  organism  found  in  the  liver 
and  ca^ca  of  turkeys  suffering  from  blackhead.  It  is  not  doubted  that 
a  parasite  is  present  in  the  lesions  caused  by  this  disease,  but  its 


Fig.  73. — Amceha  proteus.     (After  Dofleln.) 
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identification  as  an  Am/Bba  is  questionable.  Another  doubtful  case 
is  that  of  a  fatal  disease  of  sheep,  occtirring  in  Australia  in  1885. 
This  was  credited  to  an  Ammhoy  but  the  evidence  furnished  was  not 
conclusive. 

THE  SPOROZOA. 

The  Sporozoa  are  all  parasites,  and  considered  as  a  group  are  the 
most  dangerous  of  all  disease-producing  organisms.  They  parasitize 
all  classes  of  animals,  from  other  Protozoa  upward,  and  have  at  times 
been  recorded  in  man.  The  name,  Sporozoa,  has  reference  to  the  fact 
that  these  animals  reproduce  by  the  formation  of  spores,  which  are 
typically  minute,  boat-shaped,  shelled  structures,  containing  one  or 
more  smaller  bodies,  the  sporozoites. 

It  is  taken  as  an  axiom  that  parasites  are  descended  from  free- 
living  animals,  and  several  views  have  been  put  forward  regarding 
the  ancestry  of  the  Sporozoa.  It  is  found,  however,  that  a  hypothesis 
which  may  seem  plausible  for  one  portion  of  the  Sporozoa  fails  for 
the  other  portion,  and  hence  protozoologists  are  disposed  to  believe 
that  the  Sporozoa  are  poly phyletic ;  that  is,  that  different  subdivisions 
have  had  different  ancestral  histories. 

Zoologically,  the  Sporozoa  may  be  divided  into  two  divisions, 
Telosporidia  and  Neosporidia,  and  the  somewhat  more  favored  view 
is  that  the  former  are  descended  from  flagellates  and  the  latter  from 
rhizopods.  These  two  groups  are  distinguished  in  this  way:  In  the 
Telosporidia  there  is  a  longer  or  shorter  vegetative  life,  followed  by 
conjugation.  The  product  of  conjugation,  technically  known  as  the 
zygote,  divides  up  into  spores,  and  ceases  to  exist  as  a  zygote.  But 
in  the  Neosporidia,  spore  formation  is  inaugurated  quite  early  in  the 
life  history  of  the  individual  and  vegetative  growth  and  spore  forma- 
tion proceed  together. 

TEIiOSPORmiA. 

The  only  members  of  this  group  of  interest  in  the  present  connec- 
tion are  the  Coccidiomorpha,  which  zoologically  are  divided  into  the 
Coccidia  and  Hsemosporidia. 

coccmiA. 

The  Coccidia  are  cell  parasites,  attacking  tissue  cells  and  especially 
epithelium,  but  never  cells  of  the  blood.  They  are  parasites  of 
arthropods,  molluscs,  and  vertebrates.  They  are  distinctly  patho- 
genic for  vertebrates,  and  are  doubtless  also  usually  pathogenic  for 
anthropods  and  molluscs,  but  the  diseases  of  these  last-named  animals 
are  not  of  special  economic  interest  and  hence  are  scarcely  known. 

Infection  of  Coccidia  is  by  way  of  the  mouth.  Hence,  as  a  rule, 
it  is  the  epithelium  of  the  alimentary  canal  and  its  appendages  which 
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PI^TE  XXXIX. — CocciDiAN  Life  Cycle. 
Figure  1. 

1.  Sporozolte,  released  in  Intestine  of  host. 

2.  Penetration  of  sporozoite  into  epithelium  cell. 
3, 4.            Growth  of  si)orozoite  into  trophozoite. 

5,  6,  7.        Schizogonous  cycle.    Nuclear  division,  followed  by  division  of  entire 

trophozoite  into  a  large  number  of  merozoites. 
8.  Free  merozoites,  which  for  an  indeterminate  number  of  generations 

merely  repeat  the  schizogonous  cycle,  behaving  precisely  as  do  the 

sporozoites.    Eventually,  however,  the  siX)rogonous  cycle  is  Initiated, 

which  proceeds  as  follow^s: 
9a.  Undifferentiated  female  cell. 

9b.  Undifferentiated  male  cell. 

10a.  Differentiated  female  cell. 

10b.  Differentiated  male  cell. 

11, 12.        Formation    of    the    microgametes,    one    male    cell    producing    many 

microgametes. 
I3a.  Macrogamete.     One  female  cell  i)roduces  but  one  macrogamete. 

13b.  Ripe  microgamete. 

14.  Fertilization. 

15, 10, 17.  The  zygote. 

18.  Beginning  of  spore  formation. 

19.  Completion  of  spore  formation. 

20.  Formation  of  the  si)orozoites  within  the  spores. 

21.  Release  of  the  sporozoites  in  the  intestine  of  the  host. 

I^gure  2. 

Introduced  for  comparison  with  the  more  typical  cycle  shown  in  figure  1. 
Here  the  parasite  penetrates  and  comes  to  rest  in  the  nucleus  instead  of  the 
cytoplasm,  and  there  is  sexual  differentiation  in  the  schizogonous  cycle  as  well 
as  in  sporogony. 
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Plate  XXXIX. 
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Fig.  2. 
CocciDiAN  Life  Cycle.    (From  Mense's  "Handbuch,"  after  Schaudinn.) 
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is  attacked,  but  Coccidia  also  invade  the  kidney,  spleen,  or  testis.    The 
life  history  of  a  coecidian  is  as  follows  (see  PL  XXXIX) : 

The  encysted  stage,  or  oocyst,  Is  swallowed  by  some  animal.  Through  the 
action  of  the  digestive  juices  the  sporozoltes  contained  In  the  cyst  are  released  In 
the  lumen  of  the  Intestine.  Each  sporozolte  then  enters  an  epithelial  cell  of  the 
mucous  membrane  lining  the  Intestine.  The  sporozolte  may  then  either  settle 
down  In  this  cell  and  proceed  to  grow,  or  else  It  may  pass  entirely  through  the 
intestinal  wall,  and  eventually  come  to  rest  within  a  cell  of  the  kidney  or  testicle. 
In  either  case,  once  established,  the  organism,  now  termed  a  trophozoite,  grows 
until  it  reaches  a  certain  definitive  size,  which  is  probably  primarily  dependent 
upon  the  size  of  the  invaded  cell.  Then  by  a  process  termed  schizogony  the  tro- 
phozoite divides  into  a  number  of  small  masses  of  protoplasm  known  as  mero- 
zoltes.  These  migrate  to  and  enter  other  cells  of  the  host,  and  then  grow  and 
divide  in  turn  into  another  generation  of  merozoites.  As  a  result  of  this  schizog- 
onous  cycle,  which  may  be  repeated  many  times,  a  sufficient  number  of  cells  may 
be  destroyed  to  cause  the  death  of  the  host  animal.  Whether  or  not  the  host  is 
killed,  there  finally  comes  a  time  when  some  of  the  merozoites,  instead  of  growing 
and  dividing  into  other  merozoites,  develop  into  sexual  stages  and  thus  begin  the 
process  known  as  sporogony.  The  male  trophozoite  divides  into  a  number  of 
very  minute  elements,  known  as  microgametes.  The  female  trophozoite  does 
not  divide,  but  develops  into  a  macrogamete,  or  egg.  The  microgametes  are 
motile,  and  like  the  spermatozoa  of  higher  animals,  seek  out  and  fertilize  the 
eggs.  Immediately  after  fertilization  the  egg  surrounds  Itself  with  a  protective 
covering  and  becomes  an  oocyst.  The  oocysts  reach  the  exterior  with  the 
feces  of  the  host  in  the  case  of  those  species  which  are  parasitic  in  cells  of  the 
alimentary  tract  or  its  appendages.  Probably  in  some  cases  the  oocysts  reach 
the  exterior  only  as  a  result  of  the  host's  death  and  disintegration.  But,  how- 
ever this  may  be,  the  protoplasm  forms  within  the  cyst  one  or,  by  division, 
several  spores,  each  of  which  becomes  inclosed  in  a  shell,  the  sporocyst.  The 
protoplasm  within  the  sporocyst  then  divides  into  two  or  more  sporozoltes,  and 
the  sporogonous  cycle  is  complete.  Upon  the  swallowing  of  the  oocyst  the 
processes  described  above  are  again  repeated. 

It  will  be  noted  from  the  account  which  has  been  given  of  the  life 
history  of  the  Coccidia  that  the  number  of  parasites  which  may  be 
produced  as  a  result  of  infection  does  not  necessarily  depend  upon 
the  number  of  cysts  swallowed,  but  upon  the  number  of  schizogonous 
generations,  or  repetitions  of  the  schizogonous  cycle.  Were  it  not 
for  the  fact  that  sooner  or  later  the  process  of  reproduction  by  schiz- 
ogony comes  to  an  end,  the  host  would  invariably  be  killed  by  the 
extensive  destruction  of  the  cells  of  the  organ  or  tissue  attacked  by 
the  parasites.  Since,  however,  the  number  of  schizogonous  gener- 
ations is  limited — ^by  what  agencies  we  are  as  yet  unaware — the  in- 
fected  animal  tends  to  recover  if  it  survives  the  acute  stage  of  the 
disease  during  which  the  parasites  are  multiplying  by  schizogony. 
With  the  inauguration  of  the  sporogonous  cycle  the  destruction  of  the 
cells  of  the  host  ceases,  the  acute  symptoms  subside,  and  meanwhile, 
through  the  recuperative  powers  of  the  affected  tissues,  new  cells 
have  taken  the  place  of  those  destroyed  by  the  parasites,  so  that  the 
injury  to  the  host  is  more  or  less  completely  repaired.    Apparently, 
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however,  no  immunity  is  produced,  and  another  attack  of  the  disease 
may  result  from  a  fresh  infection  from  without. 

Eimeria  stiedce. — This  species,  also  known  as  Coccidium  oviforToe^ 
causes  a  serious  coccidiosis  in  rabbits,  and  though  rare  among  wild 
rabbits,  is  a  very  common  parasite  of  domesticated  rabbits.  It  in- 
fests the  epithelium  of  the  bile  ducts,  causing,  in  addition  to  cellular 
destruction,  enlargement  of  the  liver  and  compression  of  its  blood 
vessels.  The  secretion  of  bile  is  reduced,  the  blood  becomes  pale  and 
watery,  and  the  animal  finally  may  become  so  profoundly  affected 
that  death  results. 

Forms  similar  to  this  species  attack  other  small  mammals,  such 
as  the  mouse.  Coccidiosis  in  man  has  been  attributed  to  Eimeria 
stiedce  by  some  authors. 

Coccidhim  zumi, — This  coccidian  is  considered  to  be  the  cause  of 
red  diarrhea  of  cattle.  The  disease  has  been  noted  in  Europe,  where 
outbreaks  of  a  similar  character  have  also  occurred  among  sheep. 
The  lethality,  however,  for  cattle  seems  to  be  rather  low,  varying 
from  2  to  4  per  cent.  As  it  is  the  intestinal  cells  which  are  attacked 
by  the  parasite,  the  mucosa  of  the  intestine  becomes  stripped  off  in 
places,  resulting  in  extensive  hemorrhage  into  the  lumen,  which 
causes  the  red  diarrhea.  In  fatal  cases,  death  results  within  two 
days.  Most  of  the  recorded  cases  have  occurred  in  Switzerland,  in 
summer  and  autumn.  Dampness  favors  the  disease,  probably  for  the 
reason  that  in  dry  weather  the  encysted  infective  stages  of  the  para- 
site become  desiccated,  and  thus  many  are  killed. 

Coccidia  of  birds. — Birds  are  very  commonly  infested  with  Coccidia. 
Investigations  by  this  bureau  ^  show  that  white  diarrhea  in  chickens 
is  caused  by  Coccidia  and  that  intestinal  coccidiosis  of  pigeons  is  also 
due  to  the  same  cause.  Blackhead  of  turkeys  has  been  ascribed  by 
some  investigators  to  a  coccidian. 

H.^MOSPOBIDIA. 

Like  the  Coccidia,  the  Ha?mosporidia  are  cell  parasites,  but  instead 
of  being  found  in  epithelial  cells  they  occur  in  the  cells  of  the  blood, 
for  the  most  part  in  the  erythrocytes,  or  red  corpuscles.  The  group 
contains  some  of  the  most  dangerous  parasites  known,  and  is  in  this 
respect  perhaps  quite  similar  to  the  trypanosomes.  In  general,  how- 
ever, the  diseases  caused  by  Ha?mosporidia  do  not  have  so  high  a  rate 
of  lethality  as  the  trypanosomiases,  but  they  attack  a  larger  number 
of  individuals.  It  is  now  a  matter  of  common  belief  that  one  of  the 
principal  causes  of  the  decadence  of  the  ancient  Greek  and  Roman 
civilizations  was  malaria,  the  most  important  hsemosporidian  disease 
of  man. 

1  Morse,  George  Byron.  White  diarrhea  of  chicks.  U.  S.  Department  of  Agriculture. 
Bureau  of  Animal  Industry,  Circular  128.     1908. 
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The  evident  reason  why  the  Hsemosporidia  are  more  dangerous  than 
the  Coccidia  is  that  they  are  not  transmitted  by  contact  or  contamina- 
tion, but  by  means  of  intermediate  hosts.  These,  in  the  known  cases, 
are  mosquitoes,  bugs,  fleas,  and  ticks.  The  typical  life  history  of  the 
Hsemosporidia  is  as  follows  (see  PI.  XL) : 

As  in  the  case  of  the  Coccidia,  the  haemosporidian  begins  its  career  within  its 
host  as  a  sporozoite.  Set  free  in  the  blood  of  the  host,  this  sporozoite  attaclis 
and  enters  a  blood  cell,  preferably  an  erythrocyte.  Here  it  grows  into  a 
trophozoite,  which  is  ameboid  in  one  group  of  Haemosporidia,  the  Acystosporea, 
and  generally  vermiform  In  another  group,  the  Haemosporea.  The  trophozoite, 
growing  at  the  expense  of  the  blood  cell,  soon  breaks  up  Into  a  number  of 
merozoites.  By  the  disintegration  of  the  blood  cell,  the  merozoltes  fall  into 
the  blood  stream.  Forthwith  they  attack  new  blood  cells  and  the  process 
(schizogony)  Is  repeated.  The  Increase  Is  therefore  by  geometrical  ratio,  and, 
as  Mlnchln  says :  "  It  Is  evident  that  reproduction  at  this  rate  could  only  con- 
tinue Indefinitely  in  the  Ichor  of  an  infinite  host."  Accordingly,  at  the  end 
of  a  certain  number  of  generations,  as  In  the  Coccidia,  schlzogonous  reproduc- 
tion ceases  and  the  parasite  provides  for  Its  future  by  the  production  of  male 
and  female  elements. 

So  far,  the  process  Is  exactly  parallel  to  that  found  In  the  Coccidia.  In  the 
Haemosporldla,  however,  the  male  and  female  cells  must  be  removed  from  the 
blood  of  the  host  to  Insure  further  development.  This  removal  is  effected  by  a 
blood-sucking  arthropod,  which  takes  the  parasites  Into  Its  alimentary  canal. 
Here  they  mature,  the  male  cells  forming  each  a  number  of  mlcrogametes,  the 
female  cells  each  a  single  macrogamete  or  egg.  The  microgametes  fertilize  the 
macrogametes,  which  then  metamorphose  into  elongated  elements,  the  ookinetes. 
The  ookinete  pierces  the  Intestinal  epithelium  of  the  mosquito  and  comes  to  rest 
in  the  perllntestlnal  tissue.  There  Is  first  a  period  of  growth,  during  which  the 
element  assumes  a  spherical  form  and  becomes  Inclosed  by  a  delicate  wall. 
This  stage  corresponds  to  the  oocyst  of  the  Coccidia,  but  no  actual  cyst  Is  de- 
veloped. Eventually  the  sporozoltes  are  produced  directly  from  this  proto- 
plasmic mass,  the  spore  stage  being  omitted.  Excepting  for  the  fact  that  ferti- 
lization Is  postponed  until  after  the  removal  of  the  parasite  from  the  vertebrate 
host,  that  part  of  the  acystosporean  life  history  which  Is  passed  In  the  mosquito 
corresponds  exactly  to  that  part  of  the  cocci di an  life  history  which  Is  passed 
in  the  cyst. 

The  various  species  of  Hsemosporidia  are  parasites  of  the  blood  of 
mammals,  birds,  reptiles,  and  batrachia.  Minchin  remarks  as  fol- 
lows concerning  the  Hsemosporidia : 

The  effects  produced  ♦  ♦  ♦  seem  to  differ  markedly  In  the  case  of  cold- 
blooded and  warm-blooded  animals.  In  the  former,  there  is  no  evidence  that 
these  parasites,  however  numerous,  produce  any  pathological  effect  upon  their 
hosts  at  all,  but  in  birds  and  mammals  they  cause  fevers  and  agues  of  various 
kinds,  of  which  those  that  trouble  the  human  species  are  naturally  the  best 
known.  At  least  three  types  of  (malarial)  fever  are  generally  recognized,  each 
caused  by  a  distinct  form  of  parasite — the  two  so-called  benign  intermittent 
fevers,  tertian  and  quartan  agues,  and  the  pernicious  estlvo-autumnal  fever  or 
tropical  malaria.  In  each  case  the  parasite  Is  Introduced  Into  the  human 
body  by  the  bite  of  a  mosquito,  and  not,  so  far  as  is  known,  in  any  other  way. 
After  a  period  of  Incubation,  varying  from  6  to  12  days,  according  to  the 
species  of  parasite,  the  fever  makes  Its  appearance.    In  the  benign  forms,  the 
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PLAT^  XL. — Life  Cycle  of  the  Malabia  (Human)  Pakasite. 

1.  Free  sporozolte,  either  in  salivary  glands  of  the  mosquito  or  in  blood 

of  man. 

2.  Penetration  of  the  sporozoite  into  a  red  blood  cell. 
3  to  6.         Growth  of  trophozoite. 

7, 8.  Division  of  trophcwsolte  which  brings  about  destruction  of  the  blood 

cell  and  the  release  of  the  merozoltes  In  the  blood  stream.  The 
free  merozoltes  then  enter  new  blood  cells,  and  this  cycle  may  be 
rei)eated  many  timea  Finally,  however,  the  sexual  cycle  is 
Initiated  as  follows: 

9a  to  12a.    Growth  and  differentiation  of  female  cell. 

9b  to  12b.    Growth  and  differentiation  of  male  cell. 

13a,  13b.     The  male  and  female  cells  are  swallowed  by  a  mosquito. 

14a.  Maturation  of  female  cell. 

14b.  Formation  of  mlcrogametes. 

15b.  Free  mlcrogamete. 

16.  Fertilization. 

17.  Ookinete. 

18, 19, 20.  The  ookinete  attacks  and  penetrates  a  cell  of  the  Intestine  of  the 
moscjulto,  and  passes  completely  through  the  epithelium,  coming  to 
rest  In  the  i)erl-lnte8tlnal  tissue.  (There  Is  not,  in  life,  the  reduc- 
tion in  size  indicated  by  the  figure.) 

21  to  25.  Stages  In  the  development  of  the  cyst  and  formation  of  the  sporo- 
zoites. 

26.  Migration  of  the  si)orozoites. 

27.  Sporozoltes  In  the  salivary  glands  of  the  mosquito. 

13c  to  17c.  These  figures  portray  the  cycle  which  is  supi)osed  to  account  for 
cases  where  malaria  is  latent,  for  a  longer  or  shorter  period.  Ordi- 
narily, unless  removed  by  a  mosquito,  the  differentiated  male  and 
female  cells  (12a  and  12b)  die,  but  under  certain  conditions  the 
latter  may  continue  to  live  In  the  blood,  to  give  rise  to  a  renewal 
of  the  disease. 
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Life  Cycle  of  the  Malaria  (Human)  Parasite.    (From  Mense'S 
"Handbuch,"  after  Grassi  and  Schaudinn.) 
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feverish  symptoms  appear  at  regular  intervals,  dependent  on  the  time  occupied 
by  a  complete  reproductive  cycle  of  the  parasite.  Thus  In  the  parasite  of 
tertian  ague  the  schizogony  takes  48  hours,  and  the  fever  recurs  every 
other  day.  In  quartan  ague  the  schizogony  takes  72  hours,  and  the 
attacks  of  fever  occur  every  three  days.  There  may,  however,  be  double  or 
triple  Infections,  the  result  of  distinct  inoculations;  or  again  there  may  be 
mixed  infections  of  the  two  forms,  so  that  distinct  generations  of  the  parasites 
occur  contemporaneously  in  a  given  patient,  producing  every  possible  variation 
in  the  frequency  of  the  attacks  of  fever.  In  pernicious  malaria,  on  the  other 
hand,  the  si)orulatiOn  takes  place  irregularly,  and  the  fever  is  consequently 
irregular  or.  continuous  in  its  manifestations.  In  all  cases  the  fever  coincides 
In  its  appearance  with  the  actual  sporulation  of  the  parasite,  when  vast  num- 
bers of  the  merozoites  are  set  free  in  the  blood  and  are  attacking  fresh, 
healthy  corpuscles.  The  result  of  the  rapid  multiplication  of  the  parasite  in 
the  blood,  and  the  consequent  destruction  of  the  corpuscles,  is  a  condition  of 
anemia  which  tends  to  produce  g^ieral  cachexia,  and  may  terminate  fatally. 
At  the  same  time  the  melanin  granules  produced  by  the  parasite  and  dis- 
I)ersed  in  the  blood  when  the  sheltering  corpuscle  disintegrates  and  the 
merozoites  scatter  becomes  deposited  in  the  spleen  and  liver,  which  becomes 
hypertrophied,  and  also  in  the  lungs,  kidney,  and  brain,  causing  a  pigmentation 
of  these  organs.  In  i)emicious  malaria  death  may  ensue  from  the  accumula- 
tion of  the  parasites  in  the  brain  to  such  an  extent  that  the  circulation  is 
hindered  or  completely  blocked. 

Acystosporea. — In  this  group  of  Hs&mosporidia,  sometimes  termed 
Plasmodidse,  the  trophozoite  remains  in  the  blood  cell.which  it  entered 
as  a  sporozoite  or  merozoite  until  it  divides  to  form  another  genera- 
tion of  merozoites,  as  already  described  in  the  account  of  the  typical 
life  cycle  of  the  Hsemosporidia. 

The  parasites  of  human  malaria  are  the  most  prominent  members 
of  the  Acystosporea  and  belong  to  the  genera  Plasmodium  and 
Laverania,  Proteosoma  is  the  form  causing  malaria  in  birds,  a  dis- 
ease a  good  deal  like  that  of  man.  So  far  as  is  known,  none  of  the 
malarialike  parasites  attack  any  of  the  domesticated  animals.  In 
addition  to  the  genera  just  mentioned,  Doflein  also  includes  in  the 
Plasmodidse,  Achromaticus^  a  parasite  of  bats,  and  Hcemocystidium^ 
a  parasite  of  reptiles. 

Hwmosporea. — The  Hsemosporea,  commonly  known,  as  hsemogrega- 
rines,  differ  from  the  Acystosporea  principally  in  that  the  tropho- 
zoite, instead  of  remaining  constantly  within  the  blood  cell  which  it 
originally  attacks,  may  abandon  the  cell  and  live  free  in  the  blood 
plasma,  later  returning  to  another  cell. 

The  hsemogregarines  include  the  genera  Lomkesterella  and  Karyo- 
lysuSj  whose  species  are  parasites  of  batrachia  and  reptiles,  and  the 
genus  HcBTnogregarinay  the  species  of  which  parasitize  all  the  groups 
of  vertebrates.  The  carriers  for  this  genus  are  leeches,  ticks,  lice, 
and  fleas.  It  is  more  or  less  problematical  whether  this  genus  is 
pathogenic  The  genus  Leueocytozoan  is  morphologically  a  good 
deal  like  Hodmogregarina^  but  differs  in  that  it  selects  white  blood 
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cells  in  which  to  live.  Its  members  have  only  recently  been  brought 
to  attention.  They  are  parasites  of  mammals,  birds,  and  batrachians. 
They  seem  to  be  quite  pathogenic,  but  so  far  the  work  done  on  them 
has  not  been  sufficient  to  determine  their  economic  importance. 

Two  other  genera  of  hsemosporidian  parasites  are  generally  put 
under  the  Acystosporea,  although  their  affinities  with  this  group  are 
very  doubtful.  There  is,  however,  no  question  as  to  their  ec(MK)mic 
importance.    These  genera  are  PiT(ypl<isma  and  LeisJvmamd. 

PXROPLASMA. 
PIBOPLASMA   BIGEMINUM. 

Piroplmma  higeminum  (fig.  74)  is  the  agent  of  Texas  fever.    This 
disease  occurs  in  North  and  South  America,  Cuba,  Porto  Rico,  South 
Africa,  the  Philippines,  and  Australia.     The  carrier  is  the  cattle 
tick  {Margarojnis  annulaiu^) ,  and  the  mode  whereby  the  transfer  is 
made  is  almost  unique.    The  cattle  tick,  which  seeks  its  host  as  a 
larva,  never  afterwards  abandons  it,  but  undergoes  its  metamor- 
phoses and  completes  that  part  of  its  life  history 
upon  the  animal  ordinarily  in  the  exact  spot  to 
which  it  first  attached  itself.    Hence  there  is  no 
opportunity  for  a  given  tick  to  transmit  Texas 
fever.    But  by  a  remarkable  adaptation  this  end 
is  attained.    During  the  last  few  days  spent  upon 
FiQ.   74.— piro-     the  animal,  the   female  ticks,  already   fertilized, 
plasma   higemi.     absorb  an  cnormous  amount  of  blood  and  become 
Dofleln.)  the  so-called  engorged  females.    As  such  they  fall 

to  the  ground  and  some  days  later  lay  eggs,  from 
which  the  next  brood  is  hatched.  In  some  unknown  manner  the 
parasites  taken  up  with  the  blood  get  into  the  eggs,  and  hence  are 
already  present  in  the  larval  ticks  when  these  are  hatched.  In  other 
words,  infection  of  the  tick  by  the  parasite  is  hereditary,  and  heredi- 
tary infection,  in  spite  of  a  rather  widespread  impression  to  the 
contrary,  is  one  of  the  rarest  phenomena  known. 

It  results  from  this  mode  of  conveyance  that  Texas  fever  can  be 
controlled  much  more  readily  than  those  diseases  of  which  the  carrier 
visits  one  host  and  then  another,  as,  for  instance,  a  fly.  It  is  to  be 
remembered,  however,  that  a  pasture  in  which  ticky  cattle  harboring 
Piroplasma  have  been  is  not  safe  until  all  the  ticks  coming  from 
these  cattle,  as  well  as  the  larvae  hatched  from  such  eggs  as  they  have 
laid,  have  died.  This,  in  a  warm  region,  may  be  a  number  of  months. 
The  carriers  of  Texas  fever  in  South  America  and  Africa  differ 
both  from  one  another  and  from  the  species  of  the  United  States, 
but  they  are  all  very  closely  related,  and  the  life  history  of  each  one 
is  much  the  same. 
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PIBOPLA8MA   PARVTJM. 

Piroplasma  parvum  is  the  agent  of  Coast  fever  or  Rhodesian  fever. 
This  is  a  virulent  disease  of  cattle  which  occurs  in  Africa,  Trans- 
caucasia, and  the'  Philippines.  The  carriers  are  the  ticks  RMpicepha- 
lu8  appendiculatus  and  /?.  simus.  Hereditary  infection  of  these  by 
the  parasite  has  not  been  demonstrated,  and  it  is  not  necessary,  since 
these  ticks  abandon  their  hosts  at  the  time  of  the  metamorphoses  and 
hence  may  carry  the  disease  from  one  cow  to  another;  that  is,  a  tick 
which  passes  its  larval  stage  on  an  infected  animal  may  infect  an- 
other animal  upon  which  it  passes  its  nymphal  stage,  and  likewise  a 
nymph  grown  on  an  infected  animal  may  infect  another  animal  upon 
which  it  lives  as  an  adult. 

FIBOPLASMA   0VI8. 

Piroplasma  ovis  causes  in  sheep  a  disease  known  as  carceag  or 
ictero-hematuria.  It  has  been  described  from  Hungary,  Germany, 
Roumania,  the  Balkan  Peninsula,  Italy,  the  West  Indies,  and  South 
Africa.  The  tick  Rhipicephalus  bursa  is  the  agent  of  transmission 
of  carceag. 

A  disease  resembling  carceag  occurs  rather  rarely  among  sheep  in 
the  western  United  States,  but  little  is  known  concerning  it  or  its 
agent  of  transmission. 

PIBOPLASMA    EQUI. 

Piroplasma  equi  causes  biliary  fever  in  horses.  Its  range  is  South 
Africa,  Madagascar,  and  parts  of  Europe.  The  carrier  is  a  tick, 
Rhipicephalus  evertsi, 

PIBOPLASMA  CANIS. 

Piroplasma  cards  attacks  dogs,  the  name  given  to  the  disease  being 
malignant  jaundice.  It  occurs  in  Europe,  Africa,  and  India.  It  is 
carried  by  different  ticks  in  different  parts  of  its  range ;  Hcemophy- 
salts  leachi  in  Africa,  Rhipicephalus  sanguineus  in  India,  and  Der- 
ma^entor  reticulatus  in  Europe.  Canine  piroplasmosis  probably  ex- 
ists in  this  country,  but  as  yet  satisfactory  evidence  of  its  occurrence 
has  not  been  obtained. 

OENEBAL   BEMABKS   ON  PIBOPLAS MOSES. 

Piroplasmoses  are  serious  diseases,  with  a  high  death  rate.  Appar- 
ently all  of  them,  however,  may  occur  in  two  forms,  the  chronic  and 
the  acute.  The  former  is  well  illustrated  by  Texas  fever.  As  a  re- 
sult of  the  prevalence  of  the  cattle  tick  in  the  Southern  States  nearly 
all  southern  cattle  harbor  the  fever  parasite  in  their  blood,  but  do 
not  suffer  acutely,  since,  as  already  stated,  they  have  undergone  a  sort 
of  natural  vaccination  as  young  calves.  But  if  infected  ticks  be 
placed  on  an  adult  cow  from  the  Northern  States,  and  the  animal  thus 
becomes  inoculated  with  the  Piroplajsma^  the  chances  are  that  she 
will  die  within  a  short  time. 


Digitized  by  LjOOQ IC 


494  27TH  BEPOBT,  BUBEAU  OF  ANIMAL  INDUSTBY. 


Plate  XLI. — Evolxttion  of  the  Parasite  of  Kala-Azab. 

Fl<?s.  1  to   5.  Parasites  of  kala-nzar. 

1.  Isolated  parasites  of  different  forms  in  the  spleen  and  liver. 

2.  Division  forms  from  liver  and  bone  marrow. 

3.  Mononuclear  .spleen  cells  containing  the  parasites. 

4.  Groups  of  parasites. 

5.  Phagocytosis  of  a  parasite  by  a  polynuclear  leucocyte. 
Figs.  6  to  15.  Parasites  from  cultures. 

6.  First  changes  in  the  parasites.    The  protoplasm  has  increased 

in  bulk  and  the  nucleus  has  become  larger. 

7.  Further  increase  in  size.    Vacuolization  of  the  protoplasm. 

8.  Division  of  the  enlarged  parasite. 

9.  Evolution  of  the  flagclia. 

10.  Small  piriform  parasite  showing  flagellum. 

11.  Further  development  and  division  of  the  parasite. 

12.  Flagellated  trypanosome-like  form. 

13, 14.  Flagellated  forms  dividing  by  a  splittlng-off  of  a  iwrtion  of 
the  protoplasm. 
35.  Narrow  flagellated  parasites  which  have  arisen  by  the  tyiie  of 
division  shown  in  Figs.  13  and  14. 
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Plate  XLII. 


Schematic  Developmental  Cycle  of  a  Myxosporidian.    (From  Doflein.) 

1.  Spore  openinK  spontaneoiisl5%  from  which  the  araebula  is  creeping.  2.  Place  where  conjugation, 
if  present,  may  occur.  3.  Entrance  of  the  amebula  into  an  ephithellum  cell.  4.  Nuclear  multi- 
phcalion.  5.  Multiple  division.  Each  small  body  consists  of  a  nucleus  with  a  jwrtion  of  the 
protoplasm  of  the  mother  cell.  0.  Migration  of  the  products  of  the  division.  7,  8.  Growth  of 
these  in  a  new  cell.  9.  Place  where  conjugation,  if  present,  mny  occur.  10.  Format  ion  of  sporo- 
blasts.  i.e..  the  elements  from  which  the  spores  develop:  one  such  shown.  11. 12.  Further  develop- 
me!\t  of  the  sporoblasts;  three  shown.  13.  Further  development;  two  of  the  sporoblasts  have 
become  spores.    14.  Ripe  six)re. 
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Thus,  in  a  region  where  piroplasmosis  is  present,  the  stock  animals 
native  to  that  region  seldom  suffer  frcMn  the  acute  form  of  the  dis- 
ease. When,  however,  such  animals  are  moved  to  a  region  where  the 
disease  does  not  exist,  the  disease  tends  to  break  out  in  the  acute  form 
amongst  the  susceptible  animals  of  that  region,  causing  heavy  loss. 
It  is  the  same  when  susceptible  animals  are  taken  into  an  infected 
region ;  they  promptly  acquire  an  acute  form  of  the  disease. 

It  is  the  last  fact  which  stands  in  the  way  of  the  improvement  of 
cattle  in  the  Southern  States.  Unless  first  immunized,  northern  cat- 
tle can  not  safely  be  taken  into  the  Southern  States,  and  hence  the 
advantage  to  be  gained  by  the  infusion  of  fresh  blood  into  southern 
animals  is  lost. 

LEISHMANIA. 

In  the  genus  Le'ishm<inia  belongs  the  parasite  of  a  tropical  disease 
of  man,  known  as  kala-azar.  It  occurs  endemic  in  many  parts  of 
Hindustan  and  in  Burma,  China,  Arabia,  Upper  Egypt,  Tunis,  and 
Algeria.  It  has  occurred  as  an  epidemic  in  Assam.  It  is  ordinarily 
fatal.     (See  PI.  XLI.) 

The  parasite  of  kala-azar  is  a  minute  rounded,  oval,  or  pear-shaped 
organism,  which  is  found  generally  throughout  the  body  of  the 
patient,  but  most  abundantly  in  the  liver,  spleen,  and  bone  marrow. 
It  has  a  distinct  cuticle.  The  cytoplasm  is  often  vacuolated,  and 
there  are  two  nuclei.  These  bodies  multiply  either  by  simple  fission 
or  endogenous  multiplication. 

The  most  remarkable  feature  about  these  Leishman-Donovan 
bodies,  however,  is  the  fact  that  if  placed  in  appropriate  culture 
media  they  evolve  into  herpetomonads.  That  is,  within  the  human 
body  they  are  Sporozoa,  much  like  piroplasms,  whereas  in  culture 
tubes  they  become  flagellates.  Hence  the  exact  zoological  position  of 
this  parasite  is  a  matter  of  considerable  doubt,  some  authors  placing  it 
in  the  genus  Ilerpetomonas^  among  the  Mastegophora ;  others  calling 
it  Leishmania  and  considering  it  to  be  allied  to  Piroplasma. 

The  disease  seems  to  be  carried  by  the  bedbug.  Bedbugs  fed  on 
kala-azar  patients  later  show  in  their  intestines  flagellated  bodies  re- 
sembling those  found  in  the  culture  tubes. 

NEOSPORmiA. 

This  group  of  sporozoa  is  imperfectly  known.  Zoologically  it  is 
divided  into  three  orders,  the  Sarcosporidia,  Myxosporidia  (see  PL 
XLII),  and  Haplosporidia,  only  the  first  of  which  is  represented 
among  the  parasites  of  domesticated  animals.  To  Myxosporidia 
belong  a  number  of  forms  which  cause  diseases  very  destructive  to 
fishes.  The  parasite  causing  the  disease  of  silkworms,  known  as 
pebrine,  which  has  produced  losses  in  the  silkworm  industry  of  France 
amounting  to  not  less  than  $200,000,000,  and  a  closely  related  para- 
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site  which  causes  malignant  dysentery  in  bees,  are  both  members  of 
the  order  Myxosporidia.  The  Haplosporidia  appear  to  be  of  com- 
paratively little  economic  importance. 

sarcosporidia. 

Sarcosporidia  are  almost  exclusively  parasites  of  the  striped 
muscles  of  mammals  and  birds.  The  trophozoite  is  elongated  and  in- 
closed in  the  early  stages  of  its  development  by  a  delicate  cuticle 
which  later  becomes  an  envelope  of  complicated  structure.  Spore 
formation  begins  at  an  early  stage  of  development,  and  is  carried  on 
during  the  growth  of  the  trophozoite.  The  spores,  which  are  pro- 
duced in  enormous  numbers,  are  very  small  banana-shaped  or  spindle- 
shaped  bodies,  each  containing  a  nucleus.  There  may  be  a  delicate 
cuticle,  but,  unlike  the  Coccidia,  no  protective  shell  is  formed. 

Sarcosporidia  are  common  in  domcvsticated  mammals  and  are  nearly 
always  present  in  the  pig  and  the  sheep.  They  are  also  frequently 
present  in  the  horse  and  the  ox,  and  have  been  recorded  from  maiu 
In  birds  they  attack  chickens  and  ducks,  and  have  frequently  been 
found  in  wild  birds. 

The  earliest  known  stage  of  the  parasite,  known  as  a  Miescher's 
tube,  is  shown  in  Plate  XXXVII,  figure  2.  The  muscles  invaded  are 
more  usually  those  of  the  trunk  in  the  vicinity  of  the  alimentary 
canal ;  first  those  of  the  esophagus,  then  those  of  the  larynx,  the  body 
wall,  and  the  diaphragm,  and  the  psoas  muscles.  In  acute  cases  all 
skeletal  muscles  may  be  affected. 

Within  the  muscle  fiber  the  parasite  grows  until  it  distends  the  fiber 
to  several  times  its  normal  breadth,  and  may  finally  rupture  the  fiber 
sheath  and  come  to  lie  in  the  adjacent  connective  tissue.  In  this  way 
the  invaded  muscles  are  more  or  less  destroyed,  necessarily  to  the 
injury  of  the  host,  and  in  addition  it  has  been  found  that  Sarcospo- 
ridia form  a  very  poisonous  toxin,  which  has  been  named  sarcocystin 
by  Laveran  and  Mesnil. 

The  mode  whereby  Sarcosporidia  are  transmitted  from  host  to  host 
is  not  known.  It  has  been  found  that  if  mice  be  fed  on  the  flesh  of 
other  mice  containing  Sarcosporidia  they  become  infected  after  an 
incubation  period  of  about  six  weeks.  Since  sarcosporidian  infection 
is  fatal  to  mice,  and  since  mice  nibble  at  or  even  completely  devour 
their  dead,  this  case  presents  no  difficulty ;  but  such  a  mode  of  transfer 
can  not  well  be  called  into  account  for  infections  in  cattle,  horses,  or 
sheep.     The  problem  is  one  which  requires  further  study. 

The  following  members  of  the  group  may  be  considered: 

SABCOCYSTIS  MIESCHEBIANA. 

This  species  occurs  in  swine.  The  trophozoites  may  reach  a  length 
pf  4  millimeters,  with  a  breadth  of  3  millimeters.    Almost  any 
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muscle  may  be  attacked.  The  earlier  students  credited  this  species 
with  causing  a  serious  although  not  fatal  disease  in  swine,  but  it  is 
doubtful  if  this  is  so.  An  extensive  invasion  of  the  muscles  of  the 
body  and  hind  quarters  would,  however,  render  the  flesh  imdesirable 
for  food. 

SARCOSCTSTIS  BEBTRAMI. 

This  form  parasitizes  the  horse.  The  parasites  reach  a  length  of 
9  to  10  millimeters.  In  heavy  infections  there  is  a  rather  extensive 
destruction  of  the  muscles,  and  by  some  authors  this  parasite  is  said 
to  be  the  cause  of  a  disease  of  young 
horses. 

In  the  Western  States  of  America, 
also,  certain  ailments  of  horses  have 
been  credited  to  sarcosporidian  infec- 
tion. 

SARCOCYSTIS   TENELLA. 


This  species  (see  PI.  XXXVII,  figs. 
3  and  4)  is  a  parasite  of  the  sheep,  and 
may  reach  a  length  of  one-half  inch. 
In  certain  regions  of  Europe  nearly  all 
sheep  are  infected.  Its  usual  situation 
is  the  muscles  of  the  throat,  but  it  may 
also  be  present  in  many  other  parts 
of  the  body,  among  which  are  the  heart  muscles.  In  Europe  this 
form  is  credited  with  being  quite  pathogenic  for  sheep  and  fre- 
quently a  cause  of  death. 


Fig.  75. — Sarcocyaiis  hlanchardi. 
Cross  section  of  the  esophagus 
of  a  cow  (natural  size),  a,  h, 
o,  d,  and  e  are  cysts  in  the 
outer  muscular  coat ;  f,  g,  and  h 
are  cysts  In  the  Inner  muscular 
coat.     (After  Dofleln.) 


SABCOCYST18    BLANCIIABDI. 


This  species  was  fii'st  observed  in  Java  in  the  zebu,  and  is  not 
uncommon  in  domesticated  cattle  throughout  the  world.  It  may 
occur  in  nearly  any  muscle,  and  it  is  said  to  be  constantly  present 
in  the  tongues  of  Sicilian  cattle.  (See  fig.  75  and  PI.  XXXVII, 
fig.  2.)  _ 

8a7*cocy8tis  Undemanni  is  the  form  which  has  occasionally  been 
found  in  man. 

In  mice  Sarcosporidia  are  by  no  means  rare,  and  the  infections  are 
apparently  always  fatal.  Heavily  infected  mice  are  sluggish  and 
present  a  fat,  puffy  appearance,  due  to  the  distension  of  the  muscles 
by  the  parasites.  This  is  seen  in  Plate  XXXVII,  figure  5,  which 
shows  the  extent  to  which  the  parasite  may  be  present,  nearly  every 
muscle  bundle  being  invaded,  and  it  is  indeed  remarkable  that 
muscles  so  completely  invaded  are  able  to  perform  their  usual 
functions. 

8693 ''—11 32 
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Sarcosporidia  have  never  been  taken  much  into  account  in  con- 
sidering the  diseases  of  domesticated  animals,  since  they  never  cause 
epizootics  and  are  apparently  never  fatal.  In  the  last  few  years, 
however,  it  is  beginning  to  be  suspected  tha  httey  are  quite  dangerous 
parasites.  Thus,  very  recently  the  camels  of  northern  Africa  were 
found  to  be  extensively  parasitized  and  to  be  thereby  greatly  debili- 
tated. The  group  is  deserving  of  much  more  attention  than  it  has 
hitherto  received. 

ciliata. 

This  group  of  Protozoa  is  composed  of  a  large  number  of  species, 
nearly  all  of  which  are  free-living.  Ciliates  are  universally  dis- 
tributed, occurring  wherever  there  is  water.  When  water  containing 
organic  matter  is  exposed  to  the  air  for  a  few  days  it  will  be  found 
to  be  swarming  with  ciliates. 

Scarcely  any  of  the  ciliates  are  parasitic,  and  it  is  questionable 
whether  any  are  harmful  parasites,  with  the  possible  exception  of 
certain  forms  which  are  ectoparasitic  on  fishes. 

In  the  paunch  of  ruminants  are  found  numerous  species  of  ciliates, 
and  these  are  almost  constantly  present  in  very  great  numbers. 
They  appear  to  do  no  damage,  and  indeed  the  possibility  is  not  ex- 
cluded that  their  presence  may  be  actually  beneficial  to  their  hosts 
through  some  favorable  influence  which  they  may  have  on  the  diges- 
tive processes. 
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Compiled  by  John  Roberts, 
Of  the  Editorial  Office,  Bureau  of  Animal  Industry, 

THE  LIVE-STOCK  BfARKET  IN  1910. 

It  was  hardly  anticipated  at  the  close  of  1909  that  the  hog  would 
again  be  the  dominating  factor  in  the  live-stock  situation  of  the  year. 
After  the  pronounced  scarcity  and  high  prices  in  the  latter  part  of 
1909  it  seemed  probable  that  hog  raisers  would  resmne  business  under 
such  pronouncedly  favorable  conditions  as  ruled  at  that  period.  Evi- 
dently, however,  a  large  proportion  of  the  breeding  stock  had  been 
sent  to  the  block,  and  so  the  supply  during  1910  continued  to  be  far 
below  the  demand.  The  year's  total  receipts  at  the  various  stock 
yards  show,  in  consequence,  a  serious  reduction  as  compared  with 
the  two  previous  years.  Prices,  of  course,  mounted  higher  than  ever, 
and  whereas  in  1909  all  records  since  the  war  were  eclipsed,  the  high 
mark  of  1910  outdistanced  even  the  war-time  records. 

The  receipts  of  hogs  in  Chicago  during  1910  were,  in  round  figures, 
1,000,000  less  than  in  1909  and  2,500,000  less  than  in  1908.  Last 
year's  receipts  at  Kansas  City  were  also  1,000,000  less  than  in  1909, 
and  the  shortage  at  the  other  packing  centers  brought  the  total  deficit 
for  the  year  to  about  three  and  one-quarter  millions.  The  total  re- 
ceipts at  11  centers  in  1908  were  27,826,000  head,  the  corresponding 
total  in  1910  being  19,523,000,  which  is  a  decrease  of  8,303,000,  or 
30  per  cent,  in  two  years. 

Under  these  circumstances  it  was  not  surprising  that  hogs  made 
unprecedentedly  high  prices  during  1910.  The  first  table  below, 
showing  the  average  prices  brought  by  the  various  classes  of  live 
stock  at  Chicago,  gives  the  average  for  hogs  for  the  year  as  $8.90  per 
hundredweight.  The  high  month  was  March,  the  average  for  which 
reached  $10.55,  and  during  this  month  occurred  the  highest  quotations 
for  hogs  ever  known  in  the  history  of  the  trade. 

The  hog  deficit  was  somewhat  offset  by  the  increased  receipts  of 
sheep,  the  total  supplies  amounting  to  about  2,000,000  more  than 
in  1909.  In  spite  of  this  the  prices  for  sheep  ruled  higher  than  in  the 
year  before.  It  will  be  seen  by  the  table  that  the  annual  average  for 
the  past  year — $5.25 — equaled  the  previously  highest  on  record,  which 
was  in  1907. 
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Cattle  supplies  in  1910  were  about  the  same  as  in  the  previous 
year,  but  values  ruled  higher.  In  fact,  the  quotations  in  the  spring 
and  early  summer  indicated  an  exceedingly  high  average  for  the 
year,  but  these  abnormal  prices  fell  off  very  perceptibly  in  the  later 
months.  However,  the  year's  average  for  cattle  was  45  cents  a  hun- 
dredweight higher  than  in  1909,  and  for  calves  35  cents. 

The  following  tables  show  the  monthly  and  annual  average  and 
range  of  prices  of  the  various  classes  of  farm  stock  at  Chicago  for  a 
series  of  years.  Only  the  first  and  last  tables  give  average  prices,  the 
others  showing  the  high  and  low  range.  In  the  case  of  the  latter  it 
should  be  borne  in  mind  that  the  mean  between  the  high  and  low 
range  does  not  necessarily  give  the  true  average. 


Average  prices,  per  hundredweight,  of  live  stock  at  Chicago  in  1910,  by  months, 
and  annual  average,  1898-1910. 

[From  the  Chicago  Daily  Farmers  and  Drovers  Journal.] 


C«ttle. 


Month  and  year. 


Native 
steers. 


January.. 
February. 
March.... 

April 

May 

June 

July. 


August 

September 

October 

November 

December 

Annual  average: 

1910 

1909: 

1908 

1907 

1906 

1905 

1904 

1903 

1902 

1901 

1900 

1899 


Cows  and  I  Range 
heifers.   ;  steers. 


16.20 
6.35 
7.35 
7.55 
7.50 
7.50 
7.10 
6.85 
6.80 
6.60 
6.20 
6.00 

6.80 
6.35 
6.10 
5.80 
5.30 
5.05 
4.95 
4.80 
6.20 
5.25 
5.15 
5.30 
4.65 


14.25 
4.55 
5.60 
5.90 
5.55 
6.15 
4.65 
4.20 
4.00 
3.95 
3.85 
3.90 

4.60 
4.25 
4.10 
3.85 
3.70 
3.65 
3.55 
3.95 
4.70 
4.05 
4.05 
3.55 
3.40 


15.60 
5.50 
5.45 
5.35 
6.25 
4.95 

5.40 
5.35 
4.85 
4.50 
4.40 
3.80 
3.65 
3.65 
4.95 
4.55 
4.35 
4.60 
4.20 


Hogs.    Sheep,  i  Lambs. 


18.55 
9.05 

10.55 
9.90 
9.55 
9.45 
8.75 
8.35 
a90 
8.50 
7.60 
7.65 

8.90 
7.35 
5.70 
6.15 
6.25 
5.25 
5.15 
6.00 
6.80 
5.85 
5.05 
4.05 
3.85 


$5.55 
6.50 
7.60 
7.60 
6.55 
5.10 
4.20 
4.20 
4.25 
3.95 
3.70 
3.90 

5.25 
4.95 
4.65 
5.25 
5.20 
6.00 
4.25 
4.00 
4.20 
3.80 
4.55 
4.35 
4.26 


S&30 

8.65 
9.40 
9.10 
&40 
7.60 
7.10 
6.70 
6.80 
6.65 
6.25 
6.10 

7.56 
7.30 
6.35 
7.06 
6.85 
6.80 
5.60 
5.46 
6.60 
4.80 
6.90 
6.50 
6.36 
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Range  of  prices,  per  hundredweight,  of  cattle  at  Chicago  in  1910,  hy  mont?i8, 
and  annual  range,  1898-1910, 

[Compiled  from  report  of  Union  Stoclc  Yard  &  Transit  Ck>.] 


Month  and  year. 


January 

February 

March 

April 

May 

June 

July 

August 

September. . . 

October 

November 

December 

Annual  range; 

1910 

1909 

1908 

1907 

1906 

1905 

1904 

1903 

1902 

1901 

1900 


Native  steers 
(1,500-1,800 
pounds). 


$6.20-^40 
6.50-8.10 
7.50-8.75 
7.75-8.65 
7. 70-  a  75 
7.35- a 75 
6.75-8.60 
7.25-8.50 
6.80-8.50 
6.60- 8.00 
6.85-7.75 
5.65-7.00 

5.65-8.75 
6.20-  9.50 
6.25-8.40 
530-  8.00 
4. 75-  7. 45 
4.40-6.80 
4.40-7.65 
4. 10-  6. 75 
4.25-9.00 
4.80-9.00 
4.70-7.50 
4.60-8.25 
4. 10-  6. 25 


Native  steers 

(i;»O-l,600 

pounds). 


$4.9048.10 
530-8.00 
5  80-8.85 
6.35-8.50 
6.40-8.75 
590-a85 
525-8.50 
525-a40 
525-  8.50 
4.90- 7.90 
4.85-  7.65 
4.90-7.35 

4. 85- a  85 
4.90-9.26 
4.00-8.40 
3.95-7.60 
3.90-7.90 
3.0O-6.86 
3.35-  7.60 
3.35-6.86 
3.60- 9.00 
3.60-8.00 
3.90-  7.50 
4.0O-  8.25 
3.80-  6.15 


Poor  to  best 

cows  and 

heifers. 


13.10-16.50 
8. 25-  7. 10 
3.65-7.85 
4.00-8.00 
4.00-7.45 
3.85-7.76 
3.25-7.30 
3. 25-  7. 26 
3.30-  7.26 
3.05-  7.26 
3.10-6.60 
3.00-6.75 

3.00-8.00 
2.90-7.50 
2.55-7.60 
2.35-6.25 
2.40-6.60 
2.25-6.80 
2.00-7.50 
2.50-550 
3.36-8.25 
2.0O-  8.00 
1.76-6.00 
2.0O-6.86 
2.00-540 


Native 

stockersand 

feeders. 


$2.90-1580 
3.00-6.00 
3.25-7.00 
3.50-7.10 
4.25-6.66 
3.00-6.60 
3.00-6.00 
3. 15-  6. 15 
3.15-6.00 
3.00-6.00 
3.00-5  85 
3.00-590 

2.90-7.00 
2.50-586 
2.00-6.06 
2.00-536 
1. 75-  5 10 
1.50-545 
1.50-550 
1.50-520 
1.90-6.00 
1.65-  515 
2. 10-  5. 25 
2.50-  540 
2.50-540 


Texas  and 
western 
steers. 


$4.9046.00 
4.10-4.66 
6.25-6.86 
6. 75-  7. 10 
6.35-7.75 
4. 10-  7. 75 
4.30-7.00 
4.00-7.40 
4.00-7.35 
4.25-  7.10 
4. 25-  6. 26 
3.90- 560 

3.90-7.75 
3.60-  7.60 
3.40-7.60 
3.00-6.75 
2.90-6.35 
2.60-5  25 
2.40-  565 
2. 55-  5.  In 
2.55-  7.66 
2. 75-  5. 76 
3.0O-  590 
3. 10-  6. 75 
3.15-  540 


Seventy-three  carloads  of  fat  "  show  "  steers  sold  in  the  auction 
Thursday,  December  1,  1910,  at  $6.75  to  $13.50;  only  one  load  above 
$9.15.  The  general  average  price  was  $7.77  per  100  pounds,  against 
the  record  average  price  of  $11.44  in  1909  for  52  loads. 

Range  of  prices,  per  hundredweight,  of  hogs  at  Chicago,  in  1910,  hy  months,  and 

amiual  range,  1899-1910, 

[Compiled  from  report  of  Union  Stock  Yard  &  Transit  Co.) 


Month  and  year. 


J. 

January 

February 

March 

AprU 

May 

June 

July 

August 

September 

October 

November 

December 

Annual  range: 

1910 

1909 

1908 

1907 

1906 

1905 

1904 

1903 

1902 

1901 

1900 


Heavy  pack- 
ing (250-500 
pounds). 


95-19.05 
15-10.00 
55-11.20 
75-11.00 
05-9.80 
75-  9. 75 
50-9.40 
25-9.50 
10-9.80 
45-9.35 
55-8.66 
85-8.10 

55-11.20 
60-8.75 
00-7.50 
75-7.25 
00-7.00 
36-6.40 
10-6.30 
85-  7.87J 
70-8.26 
80-7.37* 
15-585 
35-4.95 


Mixed  pack- 
ing (200-250 
pounds). 


90-19.05 

10-9.90 

60-11. 16 

75-10.90 

05-9.86 

85-9.80 

85-9.56 

55-9.70 

25-10. 07i 

80-9.55 

60- 8. 70 

90-8.10 

60-11.15 

50-8.70 

00-7.50 

70-7.22J 

95-  7. 10 

25-6.42J 

15-6.37i 

90-  7.80 

65-8.20 

85-7.30 

15-5.821 

40- 6.00 


Light  bacon 

(150-200 

pounds). 


r- 75-19. 00 
8.05-9.80 
9.45-11.05 
8.75-10.80 
9.05-9.80 
9.10-9.80 
8.30-9.60 
8. 20-  9. 70 
8.  G5-10. 10 
8.25-9.65 
6.50-  8.70 
6.80-8.05 

6.50-11.05 
520-8.60 
3.95-7.40 
3.70-  7.17J 
4.90-7.00 
4.10-6.46 
4.00-  6.30 
3.90-  7.70 
6.40-7.96 
4.75-7.20 
4.10-  576 
3.30-5.00 


Average  weight  of  hogs,  1910,  237  pounds.    It  is  worthy  of  remark 
that  this  is  18  pounds  higher  than  in  1909.    Ten  carloads  of  Interna- 
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tional  Exposition  "  show  "  hogs  sold  in  the  auction  Thursday,  Decem- 
ber 1,  1910,  at  $7.50  to  $7.75  per  100  pounds.  In  1909  15  cars  sold 
at  an  average  of  $8.60. 

Range  of  priccfi,  per  hundredxc eighty  of  sheep  and  lambs  at  Chicago  in  1910y  by 
months,  and  annual  range,  1899-1910, 

[Compiled  from  report  of  Union  Stock  Ysard  &  Transit  Co.] 


Month  and  year. 


January 

Februarj* 

March . 

April 

May 

June 

July 

August 

September. .. 

October 

November. .. 

December 

Annual  range: 

1910 

1909 

1908 

1907 

1906 

1905 

1904 

190.3 

1902 

1901 

1900 

1899 


Native  sheep 

(60-140 

pounds). 


$3.25-16.60 
3.50-  7.50 
5.00-  9.00 
4.00-  8.60 
3.50-  7.75 
2.50-  6.00 
2.00-  4.75 
2.00-  4.50 
2.50-  4.85 
2.0O-  4.50 
2.00-  4.50 
2.50-  4.50 

2.00-  9.00 
2.25-  6.90 
2.00-  7.00 
2.00-  7.00 
3.00-  6.50 
2.75-  6.35 
1.50-  6.00 
1.25-  7.00 
1.25-6.50 
1.40-5.25 
2.00-  6.50 
2.25-5.66 


Native  year- 
lings and 
lambs. 


$5.60-49.10 
6.60-  9.30 
6.35-10.25 
5.60-  9.60 
6.00-  9.00 
4.85-  8.60 
4.25-  8.60 
4.00-  7.16 
i.OO-  7.40 
4.25-  7.20 
4.00-6.90 
4.2^  6.80 

4.00-10.25 
4.50-  8.80 
3.25-  7.86 
4.00-  8.60 
5.00-  8.50 
4.00-8.25 
2.50-7.75 
2.50-8.00 
2.00-  7.25 
2.00-  6.25 
3.00-  7.60 
3.50-  7.45 


Western 

sheep  (70-140 

pounds). 


Western  and 
Mexican 
Iambs,      r 


I 


$3.25"$6.30 
4.00-  7.90 
6.00-  9.30 
4.00-8.40 
4.25-  7.65 
3.75-6.25 
2.50-  5.00 
3.00-  4.65 
3.00-4.65 
2.75-  4.00 
2.00-  4.50 
2.85-  4.50 

2.90-  9.30 
2.75-  6.85 
2.00-  7.00 
2.00-  7.25 
3.00-  7.00 
3.15-  6.35 
2.00-5.80 
2.00-  7.00 
1.25-6.30 
1.50-6.25 
3.00-  6.60 
2.60-6.66 


r.oo-$9.io 

6.50-  9.40 
7.00-10.60 
6.00-10.20 
6.60-  9.40 
6.35-  9.10 

6.25-  8.00 
6.00-  7.15 
6.00-  7.30 
6.75-  7.00 
4.75-  6.75 

6.26-  6.80 

4.75-10.60 
6.00-  9.«) 
3.75-  8.35 
4.00-  9.'25 
4.75-11.25 
4.50-  8.20 
3.00-  7.50 
2.60-  7.90 
2.50-  7.60 
2.75-  5.90 
4.00-  7.60 
4.00-  7.00 


Thirty-four  carloads  of  "  show  "  sheep  and  lambs  sold  Thursday, 
December  1,  1910,  at  a  range  of  $4.50  to  $10.25,  the  general  average 
being  $().59  for  the  34  loads,  against  $8.67  a  year  ago  for  19  loads. 
Twenty-three  loads  of  lambs  sold  at  $5.50  to  $10.25,  the  average 
being  $7.19.  Five  loads  of  yciirlings,  at  $4.85  to  $5.75,  averaged 
$5.39,  and  0  loads  of  sheep,  at*$4.50  to  $6,  averaged  $5.31. 

Average  prices  of  horses  at  Chicago  in  1910,  by  months,  and  annual  average, 

1904-1910, 

[Compiled  from  report  of  Union  Stock  Yard  &  Transit  Co.] 


Month  and  year. 


Draft 
horses. 


Carriage 
pairs. 


Drivers. 


General 
use. 


Bussers 
and  tram- 
mers. 


Saddlers. 


Southern 
chunks. 


January 

Februaiy 

March 

A-pril 

liay 

June 

July 

August 

September 

October 

November 

December 

Annual  average 

1910 

1909 

1908 

1907 

1906 

1905 

1904 


$195.00 
205.00 
210.00 
210.00 
205.00 
200.00 
200.00 
200.00 
200.00 
195.00 
190.00 
190.00 

200.00 
194.00 
180.00 
194.00 
188.00 
186.00 
177.00 


$450.00 
500.00 
520.00 
520.00 
510.00 
500.00 
475.00 
450.00 
450.00 
450.00 
425.00 
425.00 

473.00 
482.00 
450.00 
482.00 
486.00 
486.00 
475.00 


$170.00 
175.00 
180.00 
180.00 
175.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 
170.00 

172.00 
165.00 
156.00 
165.00 
158.00 
156.00 
150.00 


$145.00 
150.00 
155.00 
155.00 
150.00 
145.00 
145.00 
140.00 
140.00 
140.00 
135.00 
135.00 

144.00 
137.00 
129.00 
137.00 
154.00 
132.00 
140.00 


$155.00 
165.00 
170.00 
170.00 
165.00 
155.00 
155.00 
156.00 
155.00 
160.00 
160.00 
155.00 

161.00 
152.00 
138.00 
152.00 
147.00 
145.00 
140.00 


$175.00 
185.00 
190.00 
190.00 
185.00 
175.00 
175.00 
170.00 
176.00 
175.00 
170.00 
170.00 

177.00 
172.00 
164.00 
172.00 
174.00 
172.00 
160.00 


$86.00 
90.00 
95.00 
95.00 
90.00 
85.00 
80.00 
75.00 
75.00 
85.00 
90.00 
96.00 

87.00 
77.00 
60.00 
77.50 
72.60 
70.00 
64.00 
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HOliE  AND  FOREIGN  MEAT  PRICES. 

In  view  of  the  high  prices  of  meat  in  recent  years,  it  is  of  interest 
to  note  how  the  prices  in  the  United  States  compare  with  those  in 
the  principal  meat-consuming  countries  of  Europe.  To  this  end  a 
comparison  is  made  in  the  following  tables  of  the  prices  of  the  sev- 
eral kinds  of  fresh  meat — ^beef,  veal,  mutton,  lamb,  and  pork — at  the 
five  largest  American  and  European  cities.  The  prices  are  whole- 
sale, not  retail,  and  are  usually  for  carcass  lots. 

In  order  that  the  comparison  may  be  as  nearly  accurate  as  possible, 
a  representative  high  grade  of  each  class  of  meat  has  been  selected, 
the  aim  being  to  have  each  class  as  nearly  similar  in  grade  as  prac- 
ticable. The  markets  represented  in  the  tables  are  Chicago,  New 
York,  London,  Berlin,  and  Paris.  The  prices  quoted  are  from  well- 
known  trade  papers  and  are  shown  at  monthly  intervals.  The  data 
for  the  European  cities  have  been  converted  at  the  standard  rates 
into  the  United  States  equivalents  in  pounds  and  cents. 

BEEF. 

The  table  below  shows  that  the  wholesale  prices  of  beef  in  Chicago 
during  1910  were  uniformly  higher  than  those  of  the  two  previous 
years,  excepting  the  last  three  months.  The  highest  prices  of  the 
year — 12^  cents  a  pound — occurred  in  April  and  May. 

New  York  quotations  generally  followed  those  of  Chicago, 
although  in  a  number  of  instances  they  were  slightly  lower. 

The  London  prices  show  that  there  is  practically  no  difference  on 
that  market  between  English  beef  and  port-killed  American  beef, 
which  speaks  well  for  the  quality  of  our  export  steers.  The  table 
shows  also  that  the  margin  between  the  Chicago  and  London  figures 
is  so  small  nowadays  that  there  is  little  or  no  profit  in  exporting. 
Hence  this  portion  of  our  trade,  formerly  of  great  magnitude,  has 
been  rapidly  declining  in  recent  years. 

Good  beef  commands  a  high  price  in  Berlin.  The  quotations  at 
the  German  capital  are  usually  several  cents  higher  than  any  others 
in  the  table.  The  highest  prices  in  1910  ruled  in  the  late  summer 
and  early  fall,  the  top  notch,  19  cents  a  pound,  being  touched  in 
September. 

Beef  in  the  Paris  market  was  somewhat  cheaper  during  the  first 
half  of  1910  than  it  was  in  the  same  period  of  1909,  but  prices  ad- 
vanced in  July  and  August,  The  quotations  for  these  months,  the 
highest  of  the  year,  reached  16.32  cents  a  pound.  It  may  be  noticed, 
however,  that  the  Parisian  prices  are  for  hind  quarters,  which  are 
usually  rated  about  1^  cents  higher  than  the  price  for  the  whole  side. 
With  this  deduction  from  the  French  prices  it  is  seen  that  the  best 
grades  are  in  most  instances  not  much  higher  than  those  of  London. 
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Wholesale  ptHces,  per  pound,  of  fresh  heef  at  stated  home  and  foreign  markets^ 
190S  to  1910,  at  monthly  periods. 


Dates. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


.1910. 

J909. 

1908. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

190S. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

190S. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

1908. 
.1910. 

1909. 

1908. 


Chicago. 


Good  na- 
tive steers, 
carcass. 


Cents. 
10. 50-12. 00 
10.50-11.50 

9.25 
10.00-11.50 
10.50-11.50 

9.75 
10.00-11.50 
10.00-10.50 

9.50 
12.00-12.50 
10.00-11.00 

10.00 
12.00-12.50 
10.50-11.00 
11.00-12.50 
11.00-12.00 

11.00 
10.00-10  50 
11.50-12.00 

1050 
11.50-12.00 
U.  00-12. 00 

1O50 
10.50-11.00 
11.50-12.00 

11.00 
10  00-11. 00 
11.50-12.00 
11.50-12.00 
1050-11.50 
11.2^11.75 
11.50-12.00 
10  50-11.00 
11.25-11.75 
11.00-12.00 
10  50-11.00 


New  York. 


Choice  na- 
tive steers, 
heavy 


CenU. 

1050-11.00 
10  75 
9.75 

10.00-1050 
lOOO 
9.25 

11.00-11.50 
lOOO 
9.00 

12.00-12.50 
10  25 
11.50 
12.00 
lOOO 
11.75 
11.75 

1000-1050 
11.25 

12.00-12.50 

9. 75-10  50 

12.00 

11.50-12.00 
9. 75-10  50 
11.00  . 

11.50-12.00  I 
9.75-11.00 
10  75 
12.00 

11.00-11.50 
10  75 

11.00-11.50 

11.00-12.00 
1O50 

1000-1050 

11.00-11.50 
10  75 


London. 


English 
beef. 


Cent*. 
11.70-12.70 
12.17-12.68 
11.00-11.25 
11.70-12.20 
10  65-1090 
lO  75-11. 25 
11.70-12.20 
11.40-12.17 
10  50-10  75 
11.90-12.70 
11.40-12.42 
11.00-11.50 
12.20-13.00 
11.65-12.17 
10  75-11.00 
12.70-14.00 
11.65-12.42 
12.50-12.75 
12. 40-13. 20 
12.93-13.69 
11.50-12.25 
12. 70-13. 70 
11.40-11.91 
11.25-12.25 
12. 20-13. 20 
11.65-12.68 
10  75-11.25 
10  70-11.40 
11.15-11.65 
lO  50-11. 25 
11.00-12.40 
lO  65-11. 91 
lO  25-11. 75 
10  70-11.70 
1090-12.17 
11.50-12.25 


American 
(London 
kiUed). 


CerUs. 
11.20-12.40 
11.65-13.18 
lO  25-11. 75 
11.70-12.40 
lO  65-11. 65 
1050-11.00 
11.90-12.40 
11.65-12.17 
10  25-11.00 
12.20-13.00 
11.65-12.42 
10  75-11.50 
12. 20-13. 20 
11.65-12.17 
lO  75-11.25 
12. 20-13. 70 
11.40-12.42 
12. 25-12. 75 
12. 20-13. 20 
12.6Jit-13.69 
11.50-12.60 
12.20-13.70 
12.17-12.68 
11.50-12.75 
11. 20-13. 20 
11.6^12.68 
lO  75-12. 25 
11.70-12.70 
11.15-11.65 
1000-11.25 
11.20-12.40 
10  6&-11.91 
lO  25-11. 25 
10  20-11.70 
lO  65-12. 17 
1000-11.25 


Berlin. 


Fat  oxen. 


Cenu. 
16.20-17.30 
15.97-16.62 
17.75-18.38 
15.60-16.40 
15.33-15.97 
16.63-17.25 
15.50-16.40 
14.90-15.76 
15.75-16.38 
16.20-17.30 
15.11-15.76 
15.50-16.25 
16.40-17.70 
14.90-15.97 
15.50-16.25 
17. 10-17. 70 
14.68-16.19 
14.90-15.75 
17. 70-18. 10 
15. 11-16. 41 
15.7^16.90 
17.90-18.60 
15.76-16.84 
16. 63-17. 75 
18.10-19.00 
16. 19-17. 27 
17.00-18.13 
17.70-18.60 
15.97-17.05 
17.00-17.90 
17.90-18.80 
16.41-17.70 
16.37-17.25 
16.60-17.60 
16.10-17.60 
15.75-16.63 


Paris. 


Hind  quar- 
ters. 


Cents. 
7.02-14.57 
9.65-15.79 
8.77-14.04 
7.02-13.16 
9.65-14.04 
7.90-13.16 
8.77-14.04 
8.77-14.57 
7.90-13.70 
8.77-14.04 
8. 77-15. 44 
7.90-14.04 
9.65-15.44 

ia6J-16.67 
7.90-14.04 
9.65-15.44 

1053-16.67 
8.77-16.67 
8.77-16.32 
8.77-15.79 
9.65-16.67 
9.65-16.32 
7.02-14.91 
9.65-15.79 

lO  53-14. 91 
8.77-14.91 

ia5»-15.79 
8.77-14.04 
7.03-14.91 
8.77-14.91 

lO  63-14. 67 
7.0»-13.69 
7.90-14.04 
8. 77-13. 70 
7.90-13.16 
8.77-14.57 


VEAL. 

The  price  of  veal  at  Chicago  and  New  York  during  1910  was 
noticeably  higher  than  in  the  two  previous  years,  although  the  stock- 
yards reports  show  that  the  supply  was  about  5  per  cent  greater  than 
in  1909.  It  may  be  noticed  that  there  is  a  considerable  difference  in 
price  between  the  "  prime,  city  dressed  "  veal  of  New  York  and  the 
highest  market  class  in  Chicago,  which  is  described  as  "  good  carcass." 
The  table  shows  the  New  York  quotation  to  be  in  many  instances  as 
much  as  3  cents  a  pound  higher  than  Chicago. 

By  far  the  highest  values  for  veal  are  seen  in  the  Berlin  column. 
This  grade,  however,  is  without  doubt  a  very  choice  article.  It  is 
described  as  "  choice  whole-milk  fed."  It  will  be  seen  that  on  several 
occasions  the  price  reached  as  high  as  28  cents  a  pound.  The  best 
cuts,  when  sold  at  retail,  must  therefore  have  brought  a  price  that 
could  only  have  been  within  the  reach  of  the  wealthy. 
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Wholesale  prices,  per  pound,  of  fresh  eareass  real  at  stated  home  and  foreign 
markets,  1908  to  1910,  at  monthly  periods. 


Dates. 


January 1910. . 

1909. 

1906. 
February 1910. 

1909. 

1906. 
March 191o! 

1909. 

1906. 
April 1910! 

1909. 

1906. 
May 1910.. 

1909. 

1908. 
June 1910. 

1909. 

1906. 
July 1910. 

1909.. 

1906.. 
August 1910. . 

1909. 

1906. 
September 1910. 

1909. 

1906 
October 191o! . 

1909.. 

1908. 
November 1910. 

1909. 

1906. 
December 1910. 

1909. 

1908.. 


Chicago.       New  York. 


Good 
carcass. 


CenU. 
13.00 
12.00 
11.00 
13.50 
11.00 
11.00 
14.00 
12.00 
11.00 
13.50 
12.00 
11.00 
13.00 
11.50 
10.50 
13.00 
11.00 
10.00 
13.00 
12.00 
10.60 
13.60 
12.50 
11.00 
13.50 
13.00 
11.60 
14.00 
13.50 
12.00 
14.60 
12.60 
11.50 
14.00 
12.00 
10.50 


Prime,  city 
dressed. 


I 


Cents. 
12.00-15.60 
15.00-16.00 
14.00-14.50 
13.50-10.50 
14.00-15.00 
14.00-14.50 
13.50-16.50 
15.00-16.00 

14.00 
13.50-16.00 
13.50-14.50 

13.00 

13.50 
11.00-12.50 

12.00 
13.50-14.50 
12.00-13.50 

11.00 
14.00-14.50 
11.00-13.00 
11.00-12.00 

15.50 
12.00-14.00 
12.00-13.00 

16.50 
12.50-15.00 
14.00-14.50 
16.50-17.00 
12.60-15.50 
14.00-15.00 
16.50-17.00 
12.00-15.00 

14.00 
16.50-17.00 
12.00-15.50 
14.00-15.00 


London. 


Best  veal. 


Berlin. 


Cents. 
15.70-17.20 
12.68-14.20 
16.00-16.88 
14.20-16.20 
13.69-15.21 
13.60-15.21 
14.70-16.20 
13.69-15.21 
14.20-16.00 
14.70-16.20 
14.20-15.72 
15.21-16.00 
13.70-15.20 
13. 18-14. 20 
13.00-13.72 
13.20-15.20 
14. 70-15. 72 
13.70-15.20 
13.70-15.20 
12.08-14.20 
13.09-15.20 
14.20-16.20 
11.15-12.17 
13.00-13.72 
15. 70-17. 20 
12.68-14.20 
15.21-16.00 
14. 70-15. 20 
12. 17-13. 18 
14.21-15.69 
15.20-16.20 
13.18-14.20 
13.00-13.72 
15. 20-16. 20 
15.21-16.22 
13.38-15.20 


Choice 
whole- 
milk  fed. 


Cents. 

28.30 
20.71-22.03 
20.50-22.03 

27.70 
19.21-20.50 
19.00-20.06 

28.50 
18.98-19.85 
17. 75-18. 50 
23.00-27.40 
18.77-19.85 
18.60-19.50 
24.00-27.40 
20.06-20.93 
19.50-20.21 
21.60-25.90 
20.27-21.36 
19.00-20.21 
20.90-25.30 
19.21-20.06 
19.00-20.06 
21. 10-25. 10 
22.46-24.84 
19.85-21.06 
22.70-25.50 

23.  &4 
19.56-20.70 
22.70-27.00 

23.11 
19.56-20.70 
22. 70-28. 10 

25.92 
20.70-21.62 
24.20-28.10 

26.56 
19.8^21.06 


Paris. 


Extra. 


Cents. 
17.55-19.30 
19.83-21.05 
19.30-21.05 
18.08-19.30 
18.08-19.30 
18.08-19.30 
17.20-18.43 
18.08-18.43 
17.50-19.00 
18.43-20.18 
18.08-19.30 
16.67-18.43 
18.96-20.18 
18.96-20.18 
16.30-17.30 
14.91-16.67 
16.67-18.08 
18.30-19.79 
14.91-15.79 
14.04-14.91 
16.67-17.43 
17.55-18.43 
12. 28-13. 16 
16.30-17.30 
18.96-20.18 
16.32-17.20 
18.30-19.20 
17. 20-18. 43 
15.79-17.20 
17.43-19.05 
18.43-19.30 
16.67-18.08 
17.43-19.05 
16.67-18.43 
16.67-18.43 
17.20-18.43 


MUTTON. 

Mutton  commanded  an  extraordinarily  high  price  in  Chicago  dur- 
ing the  spring  months  of  1910.  The  table  shows  that  the  top  mark 
was  in  May,  when  the  price  was  16J  cents  a  pound,  as  against  only 
10^  cents  for  the  same  time  in  1909.  Heavy  marketings  of  sheep 
later  in  the  year  brought  the  price  down  to  12  cents. 

It  is  rather  singular  that  New  York  mutton  prices  were  generally 
lower  than  those  at  Chicago  throughout  the  year.  In  some  instances 
the  difference  was  as  much  as  3  and  4  cents  a  pound. 

London  and  Berlin  mutton  was  also  uniformly  higher.  Paris 
prices,  on  the  contrary,  ruled  lower  than  in  1909.  The  Parisian 
quotations  for  mutton  are  the  highest  in  the  table.  They  are  some- 
times 100  per  cent  higher  than  the  American  prices.  Good  mutton 
is,  in  fact,  a  highly  esteemed  meat  among  the  French.  A  comparison 
with  the  succeeding  table  for  lamb  shows  that  the  latter  usually 
brings  a  lower  price  than  mutton.  The  reverse  is  the  case  at  all  the 
other  markets  quoted  in  the  tables. 
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Wholesale  prices,  per  pound,  of  fresh  carcass  mutton  at  stated  home  and 
foreign  markets,  lOOS  to  1910,  at  monthly  periods. 


Dates. 


January 1910 

1909, 

1908. 
February 1910. 

1909.. 

1908 
March 1910 

1909 

1908 
AprU 1910.. 

1909. 

1908 
May 1910! 

1909.. 

1908 
June 1910. . 

1909. 

1908. 
July 1910. 

1909. 

1908 
August 1910! ' 

1909.. 

1908 
September 1910. . 

1909.. 

1908 
October 191o'. '. 

1909.. 

1908. 
November 1910. . 

1909. 

1908. 
December 1910. 

1909. 

1908. 


Chicago. 


Good 
sheep. 


CenU, 
10.00 
9.60 

laoo 
laoo 
laso 

10.50 

14.00 

10.50 

10.50 

16.00 

10.50 

13.00 

16.50 

10.50 

12.00 

14.00 

13.50 

10.50 

13.50 

11.50 

9.50 

12.50 

10.50 

9. 50-10. 00 

12.50 

11.00 

9.50 

12.50 

9.50 

8.50 

12.00 

9.50 

9.00 

12.00 

9.50 

9.50 


New  York. 


Choice 
sheep. 


CenU, 
9.00-iaOO 
9.00 

laoo 

9.50-lLOO 

9.50 
10.00-10!  50 
11.50-13.00 
8.50-9.50 

1L25 
15.00-15.50 
10.00-11.50 

14.00 
15.00-15.50 
10.00-11.00 

13.00 
10.00-11.00 
11.50-13.00 

11.00 
10  00-11. 00 
10.00-11.00 

10  00 
10  00-11. 00 
10  00-11. 00 

1000 
1000 

8.50-  9.50 
9.50 
9.00 

8.50-9.50 
9.00 
8.50 

8.00-  9.00 

8.50-  9.00 
8.00 

8.00-9.00 
9.00 


London. 


English. 


Cents. 
1020-12.20 
IL  15-13. 18 
13.00-14.50 
11.20-12.70 

9.63-1065 
13.00-15.25 
13.70-14.70 
10  13-12. 17 
13.00-15.25 
13.70-15.20 
IL  15-12. 68 
13.38-15.25 
12. 70-14. 70 
13. 18-14. 70 
12. 25-13. 75 
13. 20-15. 20 
12.68-15.20 
13.00-15.62 
12.70-14.20 
IL  65-14. 20 
13. 1)0-14.25 
12.70-14.70 
IL  15-12. 17 
13.00-15.25 
IL  70-14. 20 
IL  15-12. 68 
12. 25-13. 75 
IL  20-12. 20 
IL  15-12.68 
10  75-13.00 
IL  20-13. 70 

9. 12-11. 15 
IL  25-13. 00 
10  70-12. 70 

9.63-1L65 
10  75-13.00 


Berlin. 


Fat 
wethers. 


Otnts. 
15.80-16.60 
14.03-14.90 
15.75-16.38 
14.70-15.80 
13.17-14.03 
14.88-15.50 
14. 90-16. 40 
13.60-14.03 
14.00-14.75 
14.50-16.00 
13.3^13.82 
14.12-14.82 
15.10-16.60 
14.25-14.68 
14.12-14.88 
16. 40-17. 90 
1533-16.76 
14.88-15.60 
16.00-17.70 
15.76-16.19 
14.88-15.50 
16.20-17.90 
16.41-16.84 
16.00-16.88 
16.40-17.90 
16.63-16.84 
1560-16.25 
14.90-16.20 
15.54-16.62 
15.54-16.25 
1580-16.80 
15.54-16.62 
14.25-1560 
13.00-15.10 
15.97-17.05 
14. 12-15  12 


Paris. 


First 
quality. 


OnU. 
17.55-18.96 
18.95-2018 
18.38-2ai2 
17.55-18.43 
17.20-18.43 
18.38-19.25 
17.55-18.96 
17.55-18.43 
18.3&-19.75 
18.43-19.83 
18.43-19.83 
18.38-20.12 
18.43-19.30 
18.43-19.30 
16.62-17.50 
16.67-18.08 
19.30-20.71 
18.38-19.25 
17.55-18.96 
19.30-2L93 
18.38-19.75 
18.96-19.83 
18.43-19.30 
18.00-19.30 
17.65-18.96 
17.65-19.30 
18.38-19.30 
15.79-18.08 
17.55-18.43 
18.38-19.26 
17.55-18.96 
17.20-18.43 
17.50-19.00 
15.79-17.65 
16.67-18.08 
17.25-18.38 


LAMB. 

As  compared  with  1908  and  1909  the  prices  of  lamb  at  Chicago  and 
New  York  in  1910  were  exceptionally  high,  although  somewhat  er- 
ratic. The  May  quotation  at  Chicago  was  4  cents  higher  than  in 
1909,  and  in  most  of  the  other  months  the  price  was  well  above  the 
previous  year,  but  in  July  and  December  the  figures  for  1910  were 
lower  than  those  of  1909.  In  most  instances  the  price  at  New  York 
was  lower  than  at  Chicago,  which,  as  has  been  stated,  was  also  the 
case  with  mutton.  However,  it  may  be  noted  that  the  quotation  for 
June  was  low  at  Chicago  and  high  at  New  York. 

The  new  season's  lamb  in  England  commands  very  high  prices, 
compared  with  the  other  classes  of  British  meat  The  highest  fig- 
ures are  recorded  in  March  and  April. 

Choice  lamb  brings  a  high  price  in  Berlin  and  Paris  throughout 
the  year.  It  may  be  noticed  that  the  season  of  highest  prices  at  the 
German  capital  is  during  the  summer  months. 
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MVhohHaJe  pruett,  per  pound,  of  fresh  carcass  lamh  at  stated  home  and  foreign 
markets,  1908  to  1910,  at  monthly  periods. 


Dates. 


Chicago. 


Ronnd- 
dressed 
lambs. 


New  York. 


Choice 
spring 
lamtks. 


London. 


Choice 
native. 


Berlin. 


Fat  lambs. 


Paris. 


Lambs, 

without 

head. 


January 1910. 

1009.. 

1908. 
February 1910. 

1909. 

1908. 
March 1910. 

1909. 

1908 
April 1910! 

1909. 

1908. 
May 1910. 

1909. 

1908. 
June 1910. 

1909. 

1908. 
July 1910. 

1909. 

1908- 
August 1910. 

1909. 

1908. 
September 1910. 

1909. 

1908 
October 1910. 

1909. 

1908. 
November 1910. 

1909. 

1908. 
December 1910. 

1909. 

1908. 


Cents. 
15.00 
12.50 
13.00 
14.50 
14.00 
13.50 
15.00 
14.00 
13.00 
17.50 
14.00 
15.50 
17.50 
13.50 
14.50 
15.50 
16.00 
12.50 
15.50 
16.00 
12.50 
14.50 
14.50 
12.50 
14.00 
14.00 
12.00 
14.50 
13.00 
11.00 
13.25 
12.00 
11.50 
11.50 
13.00 
12.00 


Cent8. 
12.00-14.00 
12.00-13.50 

12.50 
12.00-14.50 
11.50-12.50 
12.50-13.00 
13.00-16.00 
11.50-13.00 

13.00 
17.00-18.00 
12.50-14.00 

15.50 

17.50 
13.00-14.50 

15.00 
17.00-18.00 
15.00-17.00 
15.00-16.00 

14.50 
12.50-15.50 

12.50 
14. 00-14.  .50 
10.00-13.00 
11.50-12.00 

13.50 
11.00-13.50 

12.00 

13.50 
11.00-13.00 

11.00 

12.00 
10.00-12.00 

12.00 

12.00 
11.00-13.00 

12.00 


CenU. 
17.20-19.20 
20.28-22.30 
19.86-22.84 
17.20-19.20 
17.20-19.26 
19.00-21.26 
22.30-24.30 
19.26-22.30 
19. 86-24. 25 
18.20-23.30 
19. 26-22. 30 
19.86-22.86 
16.20-20.30 
19.26-22.30 
19.00-22.15 
15.20-18.20 
16.22-20.28 
16.86-21.20 
14. 20-17. 20 
14.20-16.22 
16.00-19.00 
14.20-16.20 
12. 17-12. 42 
15.20-18.20 
14.20-16.20 
12. 17-14. 20 
13. 38-14. 20 
13.20-14.20 
11. 15-13. 18 
13.00-13.75 
12.20-13.20 
10  13-12. 17 
10  75-13.00 
12. 20-13. 70 
lO  13-12. 17 
12.20-13.00 


CenU. 
17.90-18.60 
15.70-16.19 
18.10-18.50 
16.40-17.50 
14.03-14.46 
17.00-17.25 
16.60-17.50 
14. 2^14. 68 
16.2^16.50 
16. 20-17. 10 
14.03-14.25 
16. 34-16. 75 
16.60-17.70 
14.90-15.11 
16. 34-16. 75 
18.00-19.00 
15.97-16.19 
16.75-17.25 
17.90-18.60 
16.41-16.63 
16.75-17.25 
18.40-19.00 
17.05-17.49 
17.70-17.91 
18.40-19.00 
17.27-17.91 
16.70-17.30 
16.80-17.30 
17. 27-17. 70 
16.80-17.30 
16.80-17.90 
17.27-17.70 
16.36-16.88 
15.80-17.50 
18.14-18.56 
16.00-16.40 


Cents. 
12.28-18.43 
15.79-21.93 
17.50-21.85 
13.16-17.55 
15.79-19.30 
14.85-18.36 
10.53-21.93 
15.79-19.30 
14.86-19.30 
14.04-19.30 
15.79-20.18 
14.00-19.25 
12.28-18.43 
15. 79-20. 18 
14.00-17.50 
8.77-17.55 
15.79-21.05 
15.79-21.05 
13.16-18.96 
15.79-21.05 
14.00-19.75 
10.53-19.30 
15.79-20.18 
15. 79-20. 18 
12.28-18.96 
15.79-20.18 
14.85-20.87 
1053-17.55 
15.79-21.05 
14.85-21.05 
1053-20.18 
15.79-21.05 
14.84-23.36 
10  53-19.30 
15.70-21.05 
15.79-21.05 


PORK. 

Dressed  pork  reached  higher  prices  at  Chicago  in  the  spring  of 
1910,  and  also  in  the  fall,  than  were  ever  before  recorded.  The  table 
shows  the  high  mark  of  14  cents  a  pound  to  have  been  reached  in  the 
months  of  April,  September,  and  October.  The  New  York  figures 
were  generally  a  shade  lower  than  those  for  Chicago  throughout  the 
year,  the  two  highest  months  being  June  and  October,  when  13|  cents 
was  touched. 

The  London  quotations  indicate  that  pig  meat  was  scarce  and  high 
in  England  also.  Excepting  the  last  four  months  of  the  year  the 
prices  average  about  2  cents  a  pound  higher  than  in  1909,  which  is 
equivalent  to  15  per  cent. 

The  high  prices  of  pork  in  Berlin  in  the  later  months  of  1909  were 
not  sustained  last  year,  and  it  may  be  noted  that  in  most  instances  the 
figures  were  lower  than  those  of  London.  A  reference  to  the  other 
tables  shows,  however,  that  pork  is  the  only  comparatively  cheap 
meat  at  the  German  capital. 

Pork  was  very  cheap  at  Paris  in  the  early  months  of  1910,  the 
prices  being  about  parallel  with  those  of  New  York.     Later  the 
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quotations  rose  rather  sharply  and  for  the  rest  of  the  year  closely 
approximated  those  of  Berlin  and  London. 

Wholcmle  prices^  per  pounds  of  fresh  carcass  pork  at  stated  home  and  foreign 
markets,  1908  to  1910,  at  monthly  periods. 


Dates. 


January 1910. 

1909. 

1908. 
February 1910. 

1909. 

1908 
March 191o! 

1909. 

1908. 
April 1910. 

1909. 

1908. 
May 1910. 

1909. 

1908. 
June 1910. 

1909. 

1908. 
July 1910. 

1909. 

1908. 
August 1910. 

1909. 

1908. 
September 1910 . 

1909. 

1908. 
October 1910. 

1909. 

1908. 
November 1910. 

1909. 

1908. 
December 1910. 

1909. 

1908. 


Chicago.      New  York. 


Dressed 
hogs. 


CenU. 
11.00-11.50 
7. 50-  8. 50 
9. 50-  9. 76 
11.25-11.76 
7.50-8.50 
9.50-9.76 
12. 50-13. 60 
7.50-8.60 
6.25-6.76 
13.50-14.00 
a  50- 9. 60 
6. 75-  7. 26 
13.00-13.50 
9.  50-10. 00 
7.50-  8.00 
12.00-12.60 
9.50-10.00 
7. 00-  7. 60 
12. 50-13. 60 
10.00-10.75 
8.  50-  9. 00 
13. 00-13. 76 
10.75-11.25 
9. 50-10. 00 
13.00-14.00 
10. 75-11. 26 
9. 50-10. 00 
13.50-14.00 
11.00-12.00 
10. 00-10. 50 
13.00-13.75 
10.50-11.60 
8.00-  8.75 
10.26-11.00 
11.00-11.60 
8.0O-  8.50 


Dressed 
hogs. 


OenU. 

12.26 

8.25 

7.13 

12.00 

8.88 

6.63 

12.38 

9.12 

6.75 

12.62 

9.60 

&60 

13.60 

10.00 

8.75 

13.63 

10.25 

7. 87-  8. 00 

13.60 

11.00 

9. 13-  9. 25 

13.00 

11.25 

9.63 

13.60 

11.60 

9.38 

13.62 

11.75 

9. 60-  9. 63 

12. 87-13. 00 

11.25 

8.75 

11.37 

11.26 

8.25-  8.63 


London. 


Berlin. 


Best 
(small  and 
medium). 


CenU. 
14. 70-16. 21 
11.65-12.17 
U.  25-12. 60 
14. 70-16. 21 
11.65-12.68 
12.25-13.00 
14. 20-14. 70 
13. 60-14. 20 
11.25-12.60 
16. 21-16. 24 
13. 60-14. 20 
12.25-13.00 
14. 70-15. 72 
12. 17-13. 18 
10.76-12.25 
14. 70-15  72 
13. 60-14. 70 
10. 26-11. 25 
14. 70-15. 21 
12. 6&-13. 18 
10.25-11.25 
15. 21-15. 72 
12.17-12.68 
10. 25-10. 76 
16.72-16.22 
15. 72-16. 22 
13.00-13.75 
14. 20-15. 21 
14. 70-16. 21 
12.25-13.00 
16.21-16.24 
16. 21-16. 72 
12.25-12.60 
14.20-16.21 
15. 21-15. 72 
12.25-13.00 


Choice 
(medium 
weight). 


CenU. 

15.76-16.07 

15.11-15.33 

12.75 

14.76-15.11 

14.90-15.11 

12.13 

14. 76-15. 11 

14. 25-14. 46 

11.75 

15.25-15.54 

14.03 

11.76 

14.76 

13.17-13.39 

12.13 

13.60-13.84 

13.60 

12.60 

13.60-13.84 

14.03-14.25 

12.75 

14. 25-14. 54 

15. 54-15. 76 

13.60 

14.76 

16. 19-16. 41 

13.75 

14.76 

16.41-ia84 

13.75 

14.76-15.11 

16.19-16.41 

14.00 

13.60 

16. 11-15. 54 

14.00-14.25 


Paris. 


Extra. 


Ctnts. 
ll.4Q-12.28 
13.16-14.91 
14. 8&-16. 12 
11.40-12.11 
12. 29-13. 16 
15. 50-16. 25 
11. 75-12. 63 
12. 2S-13. 16 
14.50-16.63 
12. 9^14. 04 
11.93-12-81 
14. 86-15. 76 
14. 04-14. 91 
12. 28-13. 16 
14-00-14.87 
14.04-15.26 
12. 28-13. 16 
15. 50-16. 25 
14.91-15.79 
12. 28-13. 16 
14. 87-15. 75 
14.91-15.79 
13. 51-14. 57 
14. 87-16. 12 
14.67-15.44 
13.16-14.04 
14.38-15.25 
13. 51-14. 39 
12.63-13.51 
14.00-14.87 
13.16-14.04 
11.93-12.81 
13. 12-14. 46 
13.16-14.04 
11. 58-12. 46 
12  63-13. 50 


OUR  FOREIGN  TRADE  IN  ANIMALS  AND  ANIMAL  PRODUCTS. 

The  extent  of  our  international  trade  in  farm  animals  and  their 
products  is  .shown  in  the  following  tables  of  imports  and  exports  of 
articles  which  come  in  this  category.  The  exports  last  year  again 
show  a  heavy  decline  because  of  the  increased  demands  of  the  home 
markets  and  the  continued  scarcity  and  high  prices  of  most  of  these 
products.  The  total  value  of  the  shipments  for  the  calendar  year 
1910,  as  shown  in  the  first  table  below,  was  $190,650,021,  which  is 
$22,293,883  less  than  the  total  for  1909,  a  decline  of  10.47  per  cent. 

The  rapidity  with  which  our  surplus  of  animal  products  has  di- 
minished in  recent  years  may  be  judged  by  the  fact  that  four  years 
ago  the  total  value  of  the  exports  of  these  products  was,  in  round 
figures,  $297,000,000,  which  is  $106,000,000  more  than  the  total  for 
1910.  Expressed  in  terms  of  percentage  this  represents  a  falling  off 
of  36  per  cent  in  four  years. 

The  imports  of  animal  products  in  1910  totaled  $150,178,760. 
This  is  a  considerably  less  amount  than  the  total  for  1909,  although 
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quite  an  increase  compared  with  1908.  It  may  be  remembered,  how- 
ever, that  the  import  trade  of  1909  was  abnormally  large;  it  was 
therefore  but  natural  that  there  should  have  been  some  reaction  in 
the  following  year. 

EXPORTS. 

All  the  important  items  of  meat  food  products  suffered  a  noticeable 
decline  in  1910.  The  most  seriously  affected  were  bacon,  live  cattle, 
and  fresh  beef,  all  of  which  were  fully  40  per  cent  below  the  totals  of 
1909.  The  situation  as  regards  our  rapidly  waning  surplus  of  beef 
is  well  shown  by  comparing  the  exports  of  1910  with  those  of  10  years 
ago — 1900.  When  this  is  done  it  is  seen  that  the  combined  exports 
of  live  cattle  and  fresh  beef  in  1900  were  just  five  times  as  large  as 
those  of  1910. 

Of  the  other  large  items  in  the  export  table  hams  and  oleo  oil  show 
a  considerable  falling  off  also.  A  few  of  the  items  show  some  in- 
crease, but  these  are  mostly  of  minor  importance,  such  as  eggs,  butter, 
and  oleomargarin. 

Exports  of  farm  animals  and  their  products,  calendar  years  1008-1910. 


Items. 


1908 


ADlmals: 

Cattle number. 

Hogs do... 

Horses do. . . 

Mules do... 

Sheep do... 

All  other,  including  fowls value  » . 

Dairy  products: 

Butter pounds. 

Cheese do . . . 

Milk,  condensed value. 

Eggs doien. 

Feathers value. 

Grease do... 

Hair do... 

Hides  and  skins pounds. 

Leather: 

Sole do. . . 

Upper value. 

Meat  products: 

Beef- 
Canned  pounds . 

Fresh do... 

Salted,  etc do. . . 

Pork- 
Canned do. . . 

Fresh do... 

Pickled do. . . 

Bacon do. . . 

Hams  and  shoulders do. . . 

Lard do... 

Lard  compounds do. . . 

Mutton do. . . 

Oleo oiland  neutral  lard do. . . 

Oleomargarin do. . . 

Tallow do. . . 

Sausage do... 

Sausage  casings value. 

Poultry  and  game , do. . . 

Animal  oil gallons. 

All  other  meat  products value. 

Total  annual  value 


277,036 

29,005 

18,516 

4,925 

100,644 

S235,196 

.>,,u,x*i91 
](»,19U,N43 
11.997,(89 

0. 564, 971 

$451 . 367 

»4, 988. 477 

$1,050,  .531 

14,915,857 

31,940,839 
119,752,118 


17,455,069 
156,133,985 
44,316,339 

4,056,252 

18,668.-365 

100.  .'$37,2 15 

2(i4.788,;:76 

220, 829. 1 n 

581,ft'J4.i'36 

76,739,375 

1.469,419 

195, 213,  t. SI 

2, 739, » .32 

70,489,762 

9,063,  ;U9 

S3.602,n37 

8794.  5;J3 

1,021.416 

$3. 300.  666 


1909 


1910 


184,957 
11,886 
23,428 
4,162 
54,613 
1282,692 

2.925,730 

3,501,214 
$1,012,689 

4,948,435 

$383,773 

$5,107,620 

$1,008,524 

9,922,887 

32.469.344 
$23,797,800 


16.649.712 
93, 742. 451 
43,943,209 

.'  r.J8.928 

'      7,185 

,2.815 

;  il,671 

5,704 

1,434 

5,815 

0,572 

3,364 

4,541 

3,092 

1,836 

7, 133 

>^/7, 324 

2. 167, 846 

$2,645,921 


$246,405,867     $212,943,904 


109.629 
4,019 

29,359 
6.458 

52,638 


3.104.175 

2, 768, 681 

*  12. 687. 937 

6,683,208 


30,586,908 
38,615,004 


11.503.037 
5.5.538.924 
35,335,923 

3,715.803 

907.229 

41.488.829 

128.2r.9.744 

131.181.642 

.368.831.681 

71,993,0.'W 

1.997.099 

115.161.034 

.3,654,670 

16.262.289 

3,947,900 


1,322,293 


Value,  1910. 


$9,464,580 

46.387 

4,328,623 

1,012.689 

203.796 

236,336 

788.767 

4.35.629 

994,216 

1,328,992 

2.30.412 

4,544.097 

1.289.348 

3,506,825 

8.419.475 
25.777.466 


1,330,048 
5,911.108 
3,071,975 

438,396 

120.523 

4.806,246 

17.880.082 

17.884.237 

45,9.35,897 

7,258.758 

220,104 

13,063,207 

387,497  . 

1,119,033 

501,669 

4.552,691 

658,531 

728,920 

2,173,471 


190,650.021 


1  Where  values  are  given  quantities  are  not  stated  in  returns, 
s  Quantities  for  1908  and  1900  not  stated. 
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IMPORTS. 

The  imports  of  animal  products  reached  their  highest  magnitude 
in  1909.  This  abnormally  large  trade  fell  off  in  1910  tx)  the  extent  of 
$50,000,000,  or  25  per  cent.  The  latter  year's  total,  which,  according 
to  the  table  below,  amounted  to  $150,178,769,  was,  however,  an 
advance  of  35  per  cent  on  the  total  for  1908. 

As  usual,  about  three-fourths  of  this  total  is  furnished  by  two 
items — hides  and  wool.  The  imports  of  hides  and  skins  amounted 
to  fully  one-half  the  entire  year's  total,  while  raw  wool  was  just 
under  one-fourth. 

The  chief  falling  off  in  1910  was  in  wool.  In  round  figures  180,- 
000,000  pounds  were  imported,  as  against  312,000,000  pounds  in  1909. 
Cattle  hides  fell  off  heavily  also.  Only  two  items  of  any  importance 
showed  increases,  namely,  live  cattle  and  cheese.  Although  subject  to 
a  duty,  nearly  all  the  cattle  were  brought  in  for  feeding  and  slaughter. 

The  receipts  of  foreign  cheese  have  of  late  years  become  increas- 
ingly important.  It  may  be  seen  the  quantity  annually  imported  is 
rapidly  approacning  the  fifty-million-pounds  mark.  The  great  bulk 
of  this  cheese  comes  from  Italy  and  Switzerland,  the  former  country 
supplying  the  somewhat  larger  share.  The  imports  from  Italy  in 
1910  reached  18,253,494  pounds.  The  average  price  of  all  the  cheese 
imports  was  17.20  cents  a  pound. 

Imports  of  farm  animals  and  their  products,  calendar  ye^irs  1908-1910, 


Items 


Animals: 

Cattle numlwr., 

Horse.s Mo — 

Sheep ~ do 

All  other,  ineludiriK  fowls value  i.. 

Bones,  hoofs,  and  horas do 

Bristles pounds. . 

Dairy  products: 

Butter pounds. , 

Cheese do 

('ream  ^ gallons. . 

Feat  hers,  crude value. , 

( ;  hie pounds. , 

(Jrease  and  oils...t value.. 

Hair,  animal,  unmanufactured do 

Hi<ie5  and  skins: 

Cattle  hides pounds. . 

Ooatskias do. . . . 

Sheepskins do — 

Tanned  skins value . , 

All  other pounds . . 

Hide  cuttings value. . 

Meat  products: 

Sausage  casings value. . 

All  other do... 

Wool,  raw IK)unds. . 


1908 


112,102 

5,224 

125,650 

$514. 63« 

$631,907 

2,254,349 

261,161 
33, 793. 726 


$4,802,029 

5.04K,471 

$960. 420 

$3,056,131 

137.922,575 
75,857.983 
20,138.987 
$1,764,578 
94,527.337 
$1,140,997 

$2,151,618 

$710. 132 

142.559.384 


1909 


153,902 

9,580 

127,019 

$712, 766 

$945,028 

4,050,222 

1.416,633 
37,795,506 


$6,603,656 

7.718.780 

$1,050,053 

$3,627,565 

279,044,262 
115,167,176 
63,771,930 
$2,085,720 
67,730,147 
$1,506,756 

$2,388,738 

$778,759 

312,131.171 


Total  value $111,411,077  |  $200,407,539 


1910 


211,230 
10,714 
56,201 


3,609,837 

1.209,473 

43,966.873 

1,858,652 


9,005,853 


221,969,008 
100,719,480 


23,562,879 


180,134,981 


Value.  1910. 


93.261,023 

3,m,234 

408,961 

861,767 

1,200,190 

3,107,299 

382,474 

7,563,376 
1,496,746 
6,455,630 
867,757 
1,362,604 
3,777,625 

33,925,374 
37,323,493 
9,860,596 
1,609,609 
4,033,413 
1,613,720 

2,607,007 

1,380,535 

36,103,447 


150,178,760 


1  Where  values  are  given  the  quantities  are  not  stated  in  the  retunis. 
*  Not  separately  enumerated  until  July  1, 1910. 
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LEGAL  STANDARDS  FOR  DAIRY  PRODUCTS. 

In  the  following  statement,  prepared  in  the  Dairy  Division,  are 
given  the  standards  for  dairy  products  as  established  by  law  in  the 
several  States  and  Territories,  so  far  as  obtainable. 

The  percentages  stated  represent  minimum  standards  in  all  cases 
unless  otherwise  expressed.  States  not  named  are  understood  to  have 
no  laws  prescribing  standards  for  dairy  products  or  else  to  leave  the 
subject  to  local  ordinances. 

Standards  for  ice  cream  are  in  force  in  a  few  of  the  States.  A 
standard  of  14  per  cent  milk  fat  for  this  product  has  been  adopted 
by  the  States  of  Missouri,  Kentucky,  and  Indiana.  Idaho  has  a  12 
per  cent  standard,  and  the  city  of  Memphis,  Tenn.,  by  municipal 
ordinance,  an  8  per  cent  standard. 

Legal  standards  for  dairy  products,  1910. 


States. 

MUk. 

SkimmUk. 

Cream. 

Butter. 

Whole- 
milk 
cheese. 

Condensed 
milk. 

Total  solids. 

Solids 
not  fot. 

Fat. 

Total 
soUds. 

Fat. 

Fat. 

Total 
solids. 

Total 
solids. 

Fat. 

Alabama 

Peru. 

Peret. 

8.6 
8.6 
8.6 
9 

8.5 

8.6 

8 

8.5 

8.5 

Ptret. 
I 
3 

3.25 
3.25 
3.5 

Peru, 
^one;  munlc 
9.26 
9.26 

Peru. 

pal  cont 
18 
18 

Peru. 
rol. 
80 
82.5 

Peru. 

130 
135 

Peru. 

24.6 
28 

Peru, 

California 

7.7 

Colorado 

7.7 

Connecticut 

11.76 

District  Columbia. 

^.% 

20  1    i9A 

Delaware 

12 

11.6 

11 

^one;  inunicipal  control. 
None:  municinal  control. . 

50 

28 
28 
28 
28 
28 

Florida 

Georgia 

3.25 

3 

3 

3 

3.25 

3 

3.25 

3.25 

3.5 

3.25 

3.5 

3.35 

3 

3.5 

3.26 

3 

3 

9.25 

18 

82.5 

7 

Hawaii 

7.7 

Idaho  

9.25 
9.25 
9.25 

18 
18 
18 
15 

82.5 
82.5 
82.5 
80 

130 
50 
50 

7.7 

Illinois 

7.7 

TndiAriA 

Iowa 

12.5 

Kansas 

Kentucky 

12 

8.5 
8.6 
8.5 

"'8.'75' 
0 

9.25 
8.00 

18 
18 

82.5 
82.5 

50 
150 

28 
28 

7.7 

Louisiana 

7.7 

Maine 

11.75 

12.5 

12.15 

12.5 

13 

Maryland 

(») 

Massachusetts 

9.3 
Sp.  gr.  32 

15 

Michigan 

15 
20 
18 
15 
18 
18 
16 
ipal  com 

Minn^ta 

80 
82.5 

45 
50 

Missouri 

9.25 

28 

7.7 

Montana 

12 

Nebraska 

' 

New  Hampshire. . . 

12 
12 

11.6 

9 


80 

New  Jersey 

"*8.*5" 

None; 

8.5 

8.5 

8.5 

9 

9.25 

8.5 

8.75 

8.5 

3 

1 
3 

3.26 
3 

\ 

3.2 
municii 

New  Mexico 

New  York 

^one;  munic 

TOl. 

<%7 

North  Carolina 

9.25 

18 
15 

82.5 

<50 

28 

North  Dakota 

12 
12 

12.5 
12.2 

Ohio 

.80 

(») 
28 
22 

Oklahoma 

18 
20 
15 

7 

Oregon 

130 

4.6 

Pennsylvania 

»al  control. 

Porto  Rico 

n 

12 

3 
2.6 

Rhode  Island 

South  Carolina.... 
South  Dakota 

1 
3.26 
3.26 
3.25 
3.2 
4 

3.25 
3.26 
3 
2.4 

^one;  munic 
9.25 

ipal  control. 

18  I       80 

♦60 
♦60 

28 

28 

7.7 

Tennessee 

18 

82.5 

7.7 

Texas 

Utah 

12 
'12.6 

18 

80 

28 

7 

Vermont 

Virginia 

9.25 

9.3 

9 

18 
18 
18 

82.5 

"'82.5' 
80 

<50 

130 

50 

120 

28 

7.7 

Washington 

12 

Wisconsin 

28 

8 

Wyoming 

12 

(') 

1  Per  cent  of  fat. 

»  Not  over  12  per  cent  water  or  5  per  cent  salt. 

•  Proportion  of  fat  to  total  solids  must  be  the  same  as  in  the  crude  milk. 

*  Per  cent  of  fat  in  total  solids. 
»  May  and  Jane,  12. 
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STATE  LIVE-STOCK  SANITARY  OFFICERS. 

I'nlted  States  Live  Stock  Sanitary  Association :  President,  J.  F.  De  Vine,  Goshen, 
X.  Y. ;  vice  presidents,  Fred  Walker,  Boston,  Mass.;  Charles  Keane, 
Sacramento,  Cal.;  G.  T.  Bryan,  Guthrie,  Okla.;  W.  F.  Crewe,  Devils 
I^ake,  N.  Dak. ;  M.  II.  Reynolds,  St.  Anthony  Park,  Minn. ;  secretary  and 
treasurer,  J.  J.  Ferguson,  Union  Stock  Yards,  Chicago,  111. 

Alabama. — State  live-stock  sanitary  board:  R.  F.  Kolb,  chairman  and  commis- 
sioner of  agriculture,  Auburn;  Dan  T.  Gray,  Auburn  Polytechnic  Insti- 
tute, Auburn ;  C.  A.  Cary,  secretary  and  State  veterinarian.  Auburn. 

Arizona. — Live-dtock  sanitary  board:  George  Pusch,  chairman,  Tucson;  O.  H. 
Christy,  Phoenix;  J.'  W.  Stewart,  Simmons;  J.  D.  Carter,  secretary. 
Phoenix ;  J.  C.  Norton,  Territorial  veterinarian.  Phoenix. 

Arkansas. — J.  F.  Stafford,  veterinarian,  Agricultural  College  and  Experiment 
Station,  Fayetteville. 

California. — Charles  Keane,  State  veterinarian,  Sacramento. 

Colorado. — State  board  of  stock-in8i)ectIon  commissioners :  A.  K.  Stevens,  presi- 
dent, lola;  II.  W.  Potter,  treasurer,  La  Junta;  E.  McCrlllis,  secretary, 
Denver;  Charles  G.  Lamb,  State  veterinarian.  Denver. 

Connecticut.— Heman  O.  Averill,  commissioner  of  domestic  animals,  Hartford. 

Delaware. — State  live-stock  sanitary  board:  O.  A.  Newton,  president,  Brldge- 
vllle;  Newton  L.  Grubb,  vice  president,  Grubbs;  Edward  W.  Jenkins, 
Dover ;  J.  R.  Kuhns,  secretary  and  State  veterinarian,  Dover. 

Florid'O. — Joseph  Y.  Porter,  State  health  officer,  Jacksonville. 

Georgia. — Peter  F.  Bahnsen,  State  veterinarian,  Atlanta. 

Hawaii. — V.  A.  Norgaard,  Territorial  veterinarian,  Honolulu. 

Idaho. — State  live-stock  sanitary  board:  L.  L.  Ormsby,  president,  Boise;  Charles 
H.  Balrd,  Forest;  Thomas  C.  Stanford,  Carey;  William  H.  Larklns» 
Turner;  Clay  Vance,  Dickey;  Arthur  Pence,  Hot  Springs;  Charles  W. 
I^eaf,  Fernwood. 

Illinois. — State  board  of  live-stock  commissioners:  Henry  J.  Beer,  Blue  Island; 
T.  F.  Russell,  Pana ;  Philip  S.  Haner,  Taylorvllle;  C.  A.  Lowery,  secre- 
tary, Springfield ;  James  M.  Wright,  State  veterinarian,  Chicago. 

Indiana. — William  E.  Coover,  State  veterinarian,  Indianapolis. 

lotca. — James  I.  Gibson,  State  veterinarian,  Des  Moines. 

Kansas. — J.  H.  Mercer,  live-stock  sanitary  commissioner,  Topeka. 

Kentucky. — State  live-stock  sanitary  board:  M.  C.  Rankin,  chairman,  Frank- 
fort; E.  S.  Good,  Agricultural  Experiment  Station,  Lexington;  G.  N. 
McGrew,  Bayou ;  J.  L.  Dent,  I^ltchfleld ;  Fred  R.  Blackburn,  Stanton. 

Louisiana. — E.  Pegram  Flower.  State  veterinarian  and  secretary  of  State  live- 
stock sanitary  board,  Baton  Rouge. 

Maine. — V.  W.  Carll,  State  live-stock  sanitary  commissioner,  Augusta ;  R.  S. 
Smith,  dairy  inspector,  Augusta. 

Maryland. — State  live-stock  sanitary  board:  Wade  H.  D.  Warfield,  Sykesville; 
E.  Gittlngs  Merryman,  Cockeysvllle ;  Charles  W.  Simpers,  North  East 

Massachusetts. — Fred  Freeland  Walker,  chief  of  cattle  bureau,  State  board  of 
agriculture,  136  State  House,  Boston. 

Michigan. — State  live-stock  sanitary  commission:  C.  A.  Tyler,  Coldwater;  H.  H. 
Hinds,  Stanton;  T.  F.  Marston,  Bay  City. 

Minnesota. — State  live-stock  sanitary  board:  C.  E.  Cotton,  president,  Minne- 
apolis; C.  A.  Nelson,  vice  president,  Frldley;  M.  H.  Reynolds,  St 
Anthony  Park;  P.  H.  Grogan,  St  James;  Carl  Sholln,  Milaca;  S.  H. 
Ward,  secretary  and  State  veterinarian,  Old  Capitol,  St  Paul. 
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Mississippi, — State  live-stock  sanitary  board:  H.  E.  Blakeslee,  chairman,  Jack- 
son; J.  W.  Day,  Crystal  Springs;  J.  M.  Aldrich,  Michigan  City;  W.  L. 
Hutchinson,  secretary,  Agricultural  College;  James  Lewis,  State  veteri- 
narian, Agricultural  College. 

Missouri, — D.  F.  Luckey,  State  veterinarian,  Columbia. 

Montana. — State  live-stock  sanitary  board:  William  Treacy,  cliairman,  Helena. 

Nebraska, — ^A.  Bostrom,  State  veterinarian,  Lincoln. 

Nevada. — ^T.  T.  Richardson,  State  veterinarian,  Fallon ;  Stan.  C.  Mitchell,  secre- 
tary State  sheep  commission,  Reno. 

New  Hampshire. — State  cattle  commission:  N.  J.  Bachelder,  Concord;  Irving 
A.  Watson,  Concord ;  Richard  Pattee,  Plymouth. 

New  Jersey, — State  board  of  health:  John  H.  Capstick,  president,  Montville; 
Bruce  S.  Keator,  secretary,  Asbury  Park. 
State  tuberculosis  commission:  Joseph  S.  Frehlinghuysen,  president,  Rar- 
itan ;  Franklin  Dye,  secretary,  Tr«iton. 

New  Mexico. — Cattle  sanitary  board :  C.  L.  Ballard,  president,  Roswell ;  W.  H. 
Jack,  Silver  City ;  W.  W.  Cox,  Organ ;  B.  F.  Pankey,  Lamy ;  W.  D.  Mc- 
Donald, Carrizozo;  W.  J.  Linwood,  secretary,  Albuquerque. 
Sheep  sanitary  board :  Harry  F.  I..ee,  secretary^  Albuquerque. 

New  York, — Raymond  A.  Pearson,  commissioner  of  agriculture,  Albany.  J.  G. 
Wills,  chief  veterinarian,  department  of  agriculture,  Albany. 

North  Carolina, — W.  A.  Graham,  commissioner  of  agriculture,  Raleigh.    W.  G. 
Chrisman,  State  veterinarian. 
Conmaittee  on  live-stock  sanitary  control  and  animal  husbandry :  A.  Cannon, 
chairman.  Horse  Shoe ;  K.  W.  Barnes,  Lucama ;  W.  J.  Shuford,  Hickory ; 
J.  P.  McRae,  Laurlnburg. 

North  Dakota, — State  live-stock  sanitary  board:  W.  L.  Richards,  Dickinson; 
T.  B.  Dawson,  Lamoure;  Andrew  Veitch,  Grand  Forks;  J.  W.  Roberson, 
Coal  Harbor;  E.  J.  Walsh,  Willow  City;  W.  F.  Crewe,  State  veterinarian. 
Devils  Lake. 

Ohio, — Paul  Fischer,  State  veterinarian,  Reynoldsburg.  F.  A.  Zimmer,  chief 
field  veterinarian,  Williamsburg.  Morgan  B.  Lamb,  specialist  in  tuber- 
culosis and  cattle  diseases,  Columbus. 

Oklahoma. — State  board  of  agriculture :  G.  T.  Bryan,  president,  Oklahoma ; 
BenJ.  Hennessy,  secretary,  Oklahoma;  M.  F.  Ikard,  superintendent  of 
live-stock  inspection,  Chickasha. 

Oregon. — W.  H.  Lytle,  State  veterinarian,  Pendleton. 

State  board  of  health:  A.  C.   Smith,  president,  Portland;   C.   S.   White, 

secretary,  Selling  Building,  Portland. 
Board  of  sheep  commissioners:   Charles  Cleveland,   president,   Gresham; 
Herbert  Boylen,  secretary,  Pendleton ;  II.  C.  Rooper,  Antelope. 

Pennsylvania. — State  live-stock  sanitary  l>oard :  Gov.  John  K.  Tener,  presi- 
dent; James  Foust,  vice  president;  C.  J.  Marshall,  secretary  and  State 
veterinarian ;  T.  E.  Munce,  deputy  State  veterinarian — ^all  at  Harrlsburg ; 
Carl  W.  Gay,  Philadelphia. 

Porto  Rico. — Thomas  A.  Allen,  veterinary  inspector,  health  office,  San  Juan. 

Rhode  Island. — John  S.  Pollard,  State  veterinarian.  Providence ;  John  J.  Dunn, 
secretary.  State  board  of  agriculture.  Providence. 

South  Carolina, — M.  Ray  Powers,  state  veterinarian,  Clemson  College. 

South  Dakota. — State  live-stock  sanitary  board:  F.  M.  Stewart,  president, 
BufTalo  Gap;  F.  R.  Cook,  secretary,  Belle  Fourche;  Thomas  H.  Hicks, 
State  veterinarian,  Milbank. 

Tennessee. — J.  H.  McDowell,  State  live-stock  inspector,  Nashville. 
8693**— 11 33 
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Texa9, — state  live-stock  sanitary  commission:  W.  N.  Waddell,  president.  Fort 
Worth ;  Al.  McFadden,  secretary,  Victoria ;  J.  W.  Johnson,  San  Angelo. 

I7*a*.— A.  Carrington  Young,  State  veterinarian,  Mclntyre  Building,  Salt  Lake 
City. 
State  board  of  sheep  commissioners:  L.  R.  Anderson,  (Mresident,  Salt  Lake 
City;  Arthur  A.  Callister,  secretary,  Salt  Lake  City. 

Vermont. — Fred  L.  Davis,  State  cattle  commissioner.  White  River  Junction. 

Virginia, — J.  G.  Femeyhough,  State  veterinarian,  Burkeville. 

State  live-stock  sanitary  board :  L.  E.  Johnson,  chairman,  Roanoke ;  P.  F. 
St.  Clair,  Bane;  B.  F.  Kirkpa trick,  I^nchburg;  J.  C.  Carrington,  Char- 
lotte Court  House;  P.  B.  Barrlnger,  Blacksburg;  C.  I.  Wade,  secretary, 
Christiansburg. 

Washington. — S.  B.  Nelson,  State  veterinarian,  Pullman. 

West  Virginia,— ^o\m  M.  Mlllan,  secretary,  board  of  agriculture,  Charleston. 

Wisconsin. — Live-stock  sanitary  board:  George  Wylie,  president,  Morrisonville ; 
R.  E.  Katz,  secretary,  Madison;  A.  H.  Hartwig,  State  veterinarian, 
Madison. 

Wyoming, — B.  Y.  Davis,  State  veterinarian,  Cheyenne. 

State  board  of  live-stock  commissioners:  J.  C.  Underwood,   Underwood; 

Thomas  Bell.  Lusk ;  Fred  G.  S.  Hesse,  Buffalo. 
State  board  of  sheep  commissioners:  Frank  S.  King,  Laramie;  J.  J.  Bent- 
ley,  Sheridan ;  Lewis  Barker,  Casper. 

CONTAGIOUS  DISEASES  OF  ANIMALS  IN  FOREIGN  COUNTRIES. 

A  number  of  foreign,  particularly  European,  countries  maintain 
sanitary  supervision  over  their  live  stock  and  issue  periodical  reports 
showing  the  status  of  contagious  diseases  of  domestic  animals  from 
time  to  time.  The  reports  covering  the  year  1910  have  been  tabulated 
and  the  results  are  shown  in  the  series  of  tables  next  following. 

The  problem  of  controlling  foot-and-mouth  disease  proved,  as  here- 
tofore, a  difficult  one  in  many  of  the  European  countries.  All  the 
coimtries  of  western  Europe  recognize  the  necessity  of  adopting  very 
prompt  and  thorough  measures  of  eradication,  and  these  countries 
were  practically  free  from  the  disease  at  the  close  of  the  year.  Most 
of  them,  however,  including  Great  Britain,  had  to  deal  with  one  or 
more  isolated  outbreaks  during  the  year.  The  central  and  southern 
European  countries  were  not  so  fortunate.  Although  only  Italy  and 
Switzerland  were  affected  during  the  first  part  of  the  year,  the  disease 
later  traveled  northward  with  great  rapidity,  and  the  efforts  to  pre- 
vent its  spread  seemed  quite  unavailing. 

The  extreme  contagiousness  of  the  foot-and-mouth  infection  is  well 
illustrated  in  the  tables  for  Austria,  Hungary,  and  Germany,  espe- 
cially the  two  former.  These  two  countries  were  entirely  free  from 
the  disease  during  the  first  six  months  of  1910,  but  it  gained  a  foot- 
hold in  July  and  afterwards  spread  so  rapidly  that  both  countries 
were  entirely  overrun  at  the  close  of  the  year. 

The  details,  showing  whenever  possible  the  monthly  and  annual 
status  of  animal  diseases  in  each  country,  follow: 
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AUSTRIA. 

During  1909  Austria  was  but  very  slightly  infected  with  foot-and- 
mouth  disease ;  there  were,  in  fact,  no  outbreaks  at  all  from  December, 
1909,  to  June,  1910.  In  the  last  six  months  of  1910,  however,  the 
disease  again  became  prevalent  and  soon  made  alarming  headway. 
The  table  demonstrates  how  rapidly  the  contagion  spreads  when  it 
has  become  epizootic.  Starting  with  80  infected  farms  in  July,  the 
year  closed  with  the  huge  total  of  34,303,  and  the  reports  by  provinces 
and  districts  show  that  the  entire  country  had  become  permeated. 

There  was  not  much  change  in  the  status  of  the  other  diseases  as 
compared  with  1909,  excepting  hog  cholera,  the  outbreaks  of  which 
were  nearly  four  times  as  numerous  in  the  last  four  months  of  1910  as 
they  were  during  the  same  period  in  1909.  The  returns  indicate  that 
tuberculosis  is  rare  among  Austrian  cattle. 

Number  of  premises  infected  with  contagious  diseases  of  animals  in  Austria  at 
monthly  periods  during  19 JO. 


Diseases. 

Jan. 

Feb. 

B£ar. 

Apr. 

May. 

June.  I 

Foot-and-moutli  disease 

•( 

Anthrax 

16 

16 
2 

18 
11 

13 
4 

27 
13 

58 

Blacklee 

17 

HemorrDagic  septicemia , 

1 

Glanders 

15 

17 

16 

12 

12 

15 

Stieeppox 

Coital  exanthema 

47 

28 
1 

10 

*      26 

703 

31 

67 

52 
1 
9 

25 
776 

34 
6 

145 

96 
1 

13 
35 
580 
46 
27 

279 

105 
2 
16 
26 
585 
67 
7 

233 

70 
2 
26 
38 
530 
73 
37 

324 

Scab: 

Solipeds 

53 

Sheep 

2 

Goats 

45 

Rabies 

27 

Hog  cholera  and  swine  plague 

560 

Erysipelas  of  swine 

146 

Tuberculosis  (bovine) 

28 

Diseases. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec.    1 

Foot-and-mouth  disease r. 

80 
152 
29 

1 
18 

246 
180 

21 
2 

14 

1,415 
87 
19 

9,426 
65 
14 

23,793 

28 

7 

34,303 
16 

Anthrax 

Blackleg 

g 

Hemorrhagic  septicema 

1 

Glanders 

15 

17 

12 

10 

Sheep  pox 

5 

Coitm  exanthema ... 

150 

74 
1 

21 

30 
635 
481 

30 

84 

68 
2 
9 
33 
795 
442 
36 

89 

53 

2 

1 

26 

1,253 

483 

22 

58 

48 
8 
2 
18 
1,585 
374 
19 

49 

38 

12 

1 

20 

1,070 

330 

7 

45 

Scab: 

Solipeds 

24 

Sheep 

50 

Goats 

1 

Rabies 

25 

Hog  cholera  and  swine  plague 

1,541 

Erysip)elas  of  swine ^  .°                ..                 .  ... 

101 

Tuberculosis  (bovine) 

3 

Diseases  scheduled  but   no  cases  reported   in  1910:  Rinderpest, 
pleuropneumonia,  and  dourine. 


BELGIUM. 


Animal  diseases  in  Belgium  were  on  the  whole  less  prevalent  in 
1910  than  in  1909.  There  were  fewer  cases  of  glanders,  foot-and- 
mouth  disease,  blackleg,  sheep  scab,  and  foot  rot  of  sheep.    On  the 
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other  hand,  there  were  a  few  more  cases  of  anthrax  and  a  marked  in- 
crease in  rabies.  The  totals  in  1909  of  the  latter  were  39  cases  and 
59  suspects.  Foot-and-mouth  disease  was  found  in  one  stable  in 
August,  there  having  been  no  previous  cases  for  17  months.  The 
figures  showing  tuberculous  carcasses  passed  for  food  and  those  con- 
demned are  of  interest  as  indicating  the  policy  of  the  Belgian  in- 
spection service  in  passing  such  carcasses  as  are  so  slightly  affected 
as  to  be  safely  used  for  food. 

Cases  of  contagious  dis€<ises  of  anitnals  in  Belgium  during  1910, 


Diseases. 

Jan. 

Feb. 

Mar. 

.Apr. 

May. 

Jane. 

Glanders  and  farcy 

^ 

2 

2 

Foot-and-month  d[ls«i!w 

Rabies: 

Cases 

2 
2 
49 
11 

6 

1 
48 
16 

1 
4 

59 
11 

11 
97 
70 
12 

15 
14 
66 
16 

19 

Suspects  (slaughtered) .... 

40 

Anthrax 

30 

Blackleg 

17 

Sheep  scab 

Foot  rot  of  sheep 

40 

1,786 
673 

1,672 
519 

10 

1,695 
524 

Tuberculosis: 

Passed  for  food 

1,612 
471 

1,651 
449 

1,755 

Condempwi  

421 

Diseases. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total- 

Olanders  and  farcy 

2 

2 
15 

32 
38 
49 
22 

1 

1 

1 
1 

4 
3 
74 
25 

14" 

6 
2 

47 
15 

12 

Foot-and-mouth  dteease ,     . , . , 

30 

Rabies: 

Cases 

20 
28 
42 
33 

10 
7 
57 
29 
8 

8 
12 

47 
30 

133 

Suspects  (slaughtered ) 

248 

Anthrax 

647 

Blackleg 

237 

Sheep  scab 

8 

Foot  rot  of  sheep 

1 

2,086 
489 

51 

Tuberculosis: 

Passed  for  food 

1,878 
457 

1.906 

487 

2,222 

568 

1,987 
428 

2,212 
3S8 

22,461 

Condemned 

5,874 

DENMARK. 

The  Danish  reports  of  animal  diseases  for  1910  are  noteworthy  in 
respect  to  two  items  only,  namely,  the  appearancje  of  foot-and-mouth 
disease  in  November,  and  the  increase  in  the  outbreaks  of  erysipelas 
of  swine.  The  total  of  the  latter  in  1910  was  743 ;  in  1909,  385,  and 
in  1908,  330;  the  disease  therefore  increased  nearly  100  per  cent  in 
1910. 

Outbreaks  of  contagious  diseases  of  animals  in  Denmark  during  1910. 


Diseases. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Anthrax 

18 

31 

23 

82 

15 

11 

Fnot^nd-month  di^ina^. , , 

Spinal  menineitis.^ 

8 
3 
8 

1 
20 

2* 

6 
11 
23 

14 

19 

4 

6 

2 

oiaBS^!T.  .!^::::::::::::;:;;::;:::::;::;;;^ 

2 

Mf^iignnnt  natftirhal  fev^^T 

0 
11 

26 

16 
16 
38 

12 

Hog  cholera,  chronic . 

5 

Erysipelas  of  swine,  acute 

66 
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Outbreaks  of  contagions  diseases  of  animals  in  Denmark  during  1910 — Contd. 


Diseases. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

Anthrax 

8 

12 

16 

15 

18 

1 
1 
1 
6 
7 
74 

12 
3 
6 

ii' 

1 

64 

211 

Foot>and-mouth  disease 

4 

Spinal  meningitis 

2 

1 

121 

2 
2 

4 

5 

100 

27 

Glanders 

12 

10 

8 
81 

8 

6 

127 

104 

Hog  cholera,  chronic 

88 

Erysipelas  of  swine,  acute 

743 

Diseases  scheduled  but  no  outbreaks  reported  in  1910:  Rinder- 
pest, pleuropneumonia,  sheep  pox,  foot  rot  of  sheep,  sheep  scab,  and 
acute  hog  cholera. 

FRANCE. 

The  status  of  contagious  diseases  of  animals  in  France  during  1910, 
as  given  in  the  table  below,  shows  no  great  variation  from  the  figures 
for  1909  except  in  the  case  of  erysipelas  of  swine,  which  shows  a  con- 
siderable reduction.  The  number  of  outbreaks  of  this  disease  in  1909 
was  1,014,  as  against  658  in  1910,  the  reduction  being  equivalent  to 
35  per  cent.  There  has  been  no  foot-and-mouth  disease  in  France 
since  May,  1909. 

Status  of  contagious  diseases  of  a/nimals  in  France  during  1910. 


Diseases. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Sheep  scab  (outbreaks) 

12 

3 

37 

97 

28 
42 
104 
57 
52 

8 
2 
26 
73 

15 
20 
116 
40 
40 

8 

39' 

58 

14 
17 
145 
37 
42 

5 
4 

37 

71 

21 
31 
166 
33 
63 

9 
9 
38 
50 

25 
29 
160 
27 
53 

11 

Sheep  pox  (outbreaks) 

1 

Anthrax  (outbreaks) 

30 

BlAPklPg  (oiithrnAks) 

74 

Glanders  and  farcy:' 

Number  of  outbreaks 

21 

Animals  slaughtered 

29 

Rabies  (cases) 

158 

Erysipelas  of  swine  (outbreaks) 

63 

Hog  (^lera  (outbreaks) '. 

45 

__ 

Diseases. 

July. 

11 
7 

40 
66 

10 
26 
133 
81 
33 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

Sheep  scab  (outbreaks) 

5 
15 
49 
89 

27 
37 
137 
84 
33 

15 
22 
49 
110 

13 
15 
106 
62 
99 

16 
22 
52 
111 

17 
21 
112 
53 
56 

11 

11 

31 

101 

15 
22 
119 
65 
23 

13 

7 

27 

117 

14 
14 
98 
66 
34 

\M 

Sheep  pox  (outbreaks) 

Anthrax  (outbreaks) 

455 

BlAp1r]A£r  (onthrPftlrg) 

1,017 

Glanders  and  farcy:' 

Number  of  outbreaks 

226 

Animals  slaughtered 

303 

K  abies  (cases ) 

1,554 

Erysipelas  of  swine  (outbreaks) 

658 

Hog  cnolera  (outbreaks) 

573 

Diseases  scheduled  but  no  outbreaks  reported  in  1910:  Foot-and- 
mouth  disease,  pleuropneumonia,  and  dourine. 


GERMANY. 


The  condition  of  contagious  diseases  of  animals  in  Germany  in 
1910  was  much  less  satisfactory  than  in  1909.  Foot-and-mouth  dis- 
ease was  eradicated  in  May,  1909,  no  further  outbreaks  being  reported 
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in  that  year ;  but  in  June  of  the  following  year  the  disease  reappeared 
in  epizootic  form  and  gradually  spread  until  by  December  the  country 
was  practically  overrun  by  it.  There  was  some  increase  also  in  swine 
disease  and  glanders.  A  clean  record  for  pleuropneumonia  was  just 
missed  because  of  one  outbreak  in  December. 

Number  of  farmn  infected  xoith  contagious  diseases  of  animals  in  Qermany  at 
monthly  periods  during  1910, 


Diseases. 

j    Jan. 

Feb. 

Mar. 

Apr. 

May. 
16 

June. 

Glanders  and  farcy 

1     .. 

29 

24 

22 

22 

Pleuropneumonia - 

Foot-and-mouth  disease 

2 

"  1,324' 

2 
1,540 

1 
1,708 

1 
1,770 

17 

Hog  cliolera  and  swine  plague 

1,286 

1,815 

Diseases. 

July. 
19 

Aug. 

Sept. 
27 

Oct. 

Nov. 

Dee. 

Glanders  and  farcy 

33 

32 

35 

33 

Pleuropneumonia 

1 

Foot-and-mouth  disease 

124 
1,626 

172 
1,555 

183 
1,605 

552 
1,699 

2,101 
1,707 

4,300 

Hog  cholera  and  swine  plague 

1,533 

GREAT  BRITAIN  AND  IRELAND. 

The  British  authorities  had  to  deal  with  an  outbreak  of  foot-and- 
mouth  disease,  which  occurred  in  Yorkshire,  in  July,  1910.  The 
origin  of  the  outbreak  could  not  be  ascertained;  it  was,  however, 
promptly  discovered  and  suppressed.  There  were  foimd  affected 
13  cattle  and  2  swine,  and  these,  with  257  other  animals  that  had 
become  exposed  to  the  disease,  were  slaughtered.  The  situation  in 
regard  to  other  diseases  of  animals  in  1910  was  favorable,  there 
having  been  a  decrease  compared  with  the  previous  year  in  all  ex- 
cept anthrax,  and  the  increase  in  the  latter  was  very  slight. 


Annual  status  of  contagious  diseases  of  animals  in  Great  Britain^  1903-1910, 


Disease. 

1903 

1904 

1905 

1906 

1907 

1908 

3 
112 

785 
2,421 

849 

1909 

1910 

Foot-and-mouth  disease: 

Outbreaks , 

536 
1,761 

685 

2 

Cases 

, 

15 

Glanders  and  farcy: 

Onthnmks 

1,456 
2,499 

1,792 
24,431 

767 
1,143 

1,478 

7,933 

1,529 
2,658 

1,418 

1,214 
2,068 

018 

1,070 
2,012 

534 

850 
1,934 

751 

351 

Cases   .         

1,014 

Sheep  scab: 

Oi^t.hrftftVg 

556 

Cbsgs 

Anthrax: 

O^ithrr^lrB    ... 

1,049 
1,589 

1,196 

5,603 

970 
1,317 

817 

3,876 

939 
1,325 

1,280 

7,359 

1,089 
1,466 

2,336 

11,275 

1,108 
1,426 

2,067 

14,096 

1,316 
1,700 

1,651 

14,316 

1,496 
1,776 

Cases 

Swine  fever: 

Outbreaks 

1,598 
15,543 

Swine  slaughtered  (diseased  or 
eiqKised) 

There  have  been  no  outbreaks  of  cattle  plague,  pleuropneumonia, 
or  rabies  during  the  above  period. 
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There  was  little  change  in  the  prevalence  of  contagious  diseases 
of  animals  in  Ireland  during  1910  as  compared  with  1909.  There 
were  fewer  outbreaks  of  anthrax  and  parasitic  mange  but  more  of 
sheep  scab  and  swine  fever.  There  was  one  outbreak  of  glanders, 
involving  two  animals,  of  which  there  had  been  none  the  two  pre- 
vious years. 

Annual  status  of  contagious  diseases  of  animals  in  Ireland,  1903-1910. 


Disease. 

1903 

4 
11 

5 
7 

2 

655 
8,306 

175 
1,079 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

Anthrax: 

Outbreaks       

4 
7 

11 
34 

4 

4 

30 
107 

4 

8 

8 
16 

3 
5 

7 
12 

8 
11 

9 
9 

6 

Cases 

12 

Glanders  and  farcy: 

Outbreaks 

1 

Cases 

2 

Rabies: 

Cases 

Sheep  scab: 

Outbreaks 

486 
6,433 

181 
931 

1 
1 

162 
252 

339 
4,253 

137 
1,416 

10 
25 

169 
322 

256 
3,513 

95 
1,103 

1 
1 

85 
130 

333 
5,198 

163 

2,789 

384 
6,182 

159 
3,625 

445 
7,129 

67 
373 

463 

Cases 

6,076 
106 

Swine  fever: 

Outbreaks 

Cases 

614 

Ep&ootlc  lymphangitis: 

Outbreaks 

Cases      

Parasitic  mange: 

Outbreaks 

195 
295 

77 
94 

42 
59 

77 
110 

62 

Cases 

82 

In  addition  to  the  above  the  following  diseases  are  scheduled  in 
Ireland,  but  no  cases  were  reported :  Cattle  plague,  foot-and-mouth 
disease,  pleuropneumonia,  and  sheep  pox. 

HUNGARY. 

The  main  feature  of  the  animal-disease  situation  in  Hungary  dur- 
ing 1910  was  the  visitation  of  foot-and-mouth  disease  in  the  latter 
half  of  the  year.  The  conditions  which  prevailed  were  very  similar 
to  those  already  described  for  the  allied  country,  Austria.  If  any- 
thing, the  outbreak  was  even  more  severe  in  Hungary.  At  the  close 
of  the  year  the  disease  had  gained  a  foothold  in  every  part  of  the 
country,  the  report  for  the  first  week  in  December  showing  38,086 
farms  to  have  been  infected  at  that  time. 

As  regards  most  of  the  other  diseases  the  number  of  outbreaks  was 
considerably  less  than  in  1909,  and  this  refers  especially  to  erysipelas 
of  swine.    Hog  cholera,  however,  was  more  prevalent  last  year. 

The  Hungarian  reports  include  Croatia  and  Slavonia. 
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Number  of  premises  infeeted  with  contagious  diseases  of  animals  in  Hungary 
at  monthly  periods  during  1910. 


Diseases. 

Jan. 

Feb. 

Har. 

Apr. 

May. 

Jane. 

Anthrax 

152 
218 
29 
169 

133 

208 

31 

150 

158 
272 
33 
130 

17 
39 

177 
182 
1 
99 
794 

156 
253 
60 
123 

136 
56 

443 

278 

2 

143 

858 

199 
307 
66 
95 

147 
95 

478 

294 

5 

218 

1,125 

283 

Rabies 

284 

Glanders 

61 

Sheep  pox . .        

87 

Coital  exanthema: 

Sollpeds 

102 

Cattle 

4 

56 
46 

16 

101 
163 
2 
123 
978 

101 

Scabies: 

Solipeds 

390 

Sheep 

240 

Barbone  of  bulTalo 

11 

Erysipelas  of  swino 

185 
1,409 

501 

Hog  cholera 

1,649 

Diseases. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Anthrax 

357 
230 
59 
33 
113 

20 
90 

251 

195 

8 

1,171 

3,272 

353 
232 
57 
261 
148 

14 
62 

187 

164 

5 

1,176 

4,326 

316 
250 
53 
1,440 
174 

3 
34 

137 

127 

7 

874 

5,466 

293 

244 

58 

5,432 

240 

226 

232 

69 

21,817 

284 

177 

Rabies 

203 

Glanders 

52 

Foot-and-mouth  disoas<* 

38,086 
323 

Sheep  pox 

Coital  exanthema: 

Solipeds 

Cattle... 

28 

113 

122 

5 

779 

5,125 

15 

107 

41 

3 

453 

4,311 

18 

Scabies: 

Solipeds 

71 

Sheep 

19 

Barbone  of  buffalo 

4 

Erysipelas  of  swine 

331 

Hog  cholera 

3,221 

Hungary  is  declared  to  be  free  from  rinderpest  and  pleuropneu- 
monia, and  no  outbreaks  of  dourine  were  reported  in  1910. 

INDIA. 

The  reports  of  the  British  veterinary  departments  in  India  indicate 
that  the  most  serious  diseases  of  domestic  animals  in  that  country  are 
rinderpest,  hemorrhagic  septicemia,  and  foot-and-mouth  disease.  A 
considerable  number  of  fatalities  are  also  caused  by  anthrax  and 
blackleg  among  cattle,  and  by  surra  and  glanders  among  horses. 

Rinderpest  was  the  cause  of  about  4,000  more  fatalities  in  1910  than 
in  the  previous  year,  while  the  reverse  was  the  case  with  hemorrhagic 
septicemia.  Foot-and-mouth  disease  was  also  less  prevalent  during 
1910. 
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Number  of  deaths  from  contagious  diseases  of  animals  in  stated  Provinces  of 
British  India  during  the  fiscal  year  1910. 


Diseases. 

United 
Prov- 
inces. 

Punjab. 

Bengal. 

Eastern 
Bengal 

and 
Assam. 

Total. 

Rinderpest: 

Boyines 

17,071 
300 

3,677 
2 

18,055 
855 

3,899 
468 

7 
55 
201 

18,255 

878 

22 

452 

1,552 

8,869 

728 

7,783 
65 

22 

1,820 

9 

3,327 

14 
29 
38 

72,855 

Others 

1,883 

Foot-and-mouth  disease: 

Boyines 

2,374 

17,733 

Others 

535 

Anthrax: 
Eqnines 

6 
812 

35 

Boyioes 

1,333 

4,020 

Others 

210 

HemoTThagic  septicemia: 

Boyines 

2,83d 

19 

32 

250 

679 

2 

64 

30 

400 

3,130 

27,651 

Others 

'901 

Glanders 

169 

237 

731 

B  lackleg 

737 

3,006 

Rabies 

2 

Tetanus 

64 

Pleuropneumonia 

30 

Oth^r  contagious  diivM\?ies.      .... 

6,848 

2,363 

9,082 

18,693 

ITALY. 

The  Italian  authorities  accomplished  great  results  during  the 
year  1910  in  stamping  out  anthrax  and  blackleg.  There  was  an 
average  of  about  400  cases  of  anthrax  each  month  in  1909,  and  none 
at  all  were  reported  in  1910,  During  1909  there  were  recorded  330 
cases  of  blackleg,  while  the  table  shows  only  a  single  case  in  1910. 
Foot-and-mouth  disease,  although  somewhat  prevalent,  was  much 
less  so  than  in  1909;  the  reverse,  however,  was  the  case  with  sheep  scab. 

Cases  of  contagious  diseases  of  animals  in  Italy  at  monthly  periods  in  1910. 


Diseases. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Blackleg 

1 

1,855 

13 

Foot^d-Tnoiith  f^isAom                              , 

6,599 
29 

4,134 
10 

2,489 
18 

2 

652 
15 

366 

0|^uid<^rs  and  faroy.  -  

15 

Pox: 

Horses  .           

Cattle 

Sheep  scab 

4,452 
34 
626 
706 

3,419 

9 

408 

582 

5,135 

5 

681 

1,333 

7,128 

537 
923 

6,898 

20 

1,294 

2,820 

6,426 

Rabies  .                  

25 

Infectious  disease  o  swine 

1,634 

Contagious  inammitis 

1,413 

Diseases, 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Blackleg 

Foot-ftpci-imouth  disftaso. ... 

592 
13 

855 
9 

471 
6 

263 
7 

616 

7 

2,868 

Glanders  and  fercy 

8 

Pox: 

Horses 

Cattle 

27 

4,300 

3 

1,761 

4,713 

Sheep  scab 

4,857 

22 

1,726 

1,730 

4,676 

2 

1,526 

4,730 

2,137 

25 

1,255 

2,945 

258 

17 

1,424 

2,595 

847 

Rabies 

18 

Infectious  disease  of  swine ...*.. 

953 

ContarioiLs  mammitls - 

550 

There  were  no  cases  of  anthrax,  barbone  of  buffalo,  or  sheep  pox. 

Digitized  by  VjOOQIC 


522  27th  report,  bureau  of  animal  industry. 

the  netherlands. 

Foot-and-mouth  disease  was  entirely  absent  during  1910  with  the 
exception  of  four  isolated  outbreaks  in  the  spring  months.  Com- 
pared with  1909  there  was  an  increase  in  anthrax,  swine  erysipelas, 
and  foot  rot  of  sheep,  and  a  decrease  in  sheep  scab  and  glanders. 

Cases  of  contagious  diseases  of  animals  in  the  Netherlands  during  1910. 


Diseases. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Anthrax ... 

93 

70 

93 
2 

97 
2 

5 
115 
17 
56 

73 
1 

"*242 
23 
50 

1 
1 

36 

Rabies 

Mange: 

Ilorses 

1 

Sheep 

482 
5 
35 

4 

213 
6 

C8 

45 
9 
24 

511 

Ervsii^elas  of  swine 

99 

Foot  rot 

29 

Glanders 

1 

Foot-and-mouth  disease  (outbreaks) 

1 

1 

1 

Diseases. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

TotaL 

Anthrax 

37 

44 

45 
2 

31 

1 

46 

83 

748 

g 

Rabies 

Mange: 

Horses 

5 
375 
169 

78 

1 

33 
27 
117 

*"*ii4* 

14 
33 

1 

12 

Sheep 

119 

189 

95 

2 

164 
259 
90 

207 
94 
108 

2,619 
911 

Erysipelas  of  swine 

Foot  rot 

783 

Glanders .        ... 

9 

Foot-and-mouth  disease  (outbreaks) 

4 

There  were  no  reported  cases  of  trichinosis  of  swine  in  1910. 

NORWAY. 

The  totals  of  the  diseases  tabulated  below  are  all  slightly  in  excess 
of  the  corresponding  totals  for  1909,  the  greatest  difference  being 
with  anthrax,  which  increased  from  293  to  368.  It  will  be  noticed 
there  were  two  outbreaks  of  hog  cholera  and  swine  plague  during  the 
year,  the  one  in  December  involving  20  animals.  There  had  been  no 
previous  outbreak  of  this  disease  since  October,  1908. 

Cases  of  contagious  diseases  of  animals  in  Norway  during  1910, 


Diseases. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Anthrax 

25 
4 
14 
43 

21 
4 
9 

44 

41 

8 

24 

47 

43 

4 
15 
92 

45 
6 
15 
46 

31 

Blackleg 

9 

Braxy  of  sheep 

5 

Malignant  catarrhal  fever 

55 

Hog  cholera  and  swine  plague               .   

2 

Diseases. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

Total. 

Anthrax 

17 
9 

26 
8 

35 
16 

20 
3 
3 

45 

32 

4 

14 

27 

32 

1 
7 

35 
20 

368 

Blackleg 

76 

Braxy  of  sheep . 

106 

Malignant  catarrhal  fever 

68 

59 

35 



586 

Hog  cholera  and  swine  plague 

22 
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Diseases  scheduled,  but  no  outbreaks  reported  in  1910 :  Rinderpest, 
pleuropneumonia,  foot-and-mouth  disease,  rabies,  glanders,  sheep 
pox,  sheep  scab,  and  foot  rot  of  sheep. 

SWEDEN. 

The  table  below  indicates  that  anthrax  is  the  only  disease  of  farm 
animals  in  Sweden  that  gives  any  serious  trouble.  The  number  of 
outbreaks*  in  1910  shows  the  disease  to  have  been  considerably  more 
prevalent  than  it  was  in  1909,  when  the  total  was  224.  An  unusual 
feature  last  year  was  the  visitation  of  foot-and-mouth  disease  in 
February,  which,  however,  was  promptly  suppressed. 

Outbreaks  of  contagious  diseases  of  animals  in  Siccdcn  during  1910, 


Diseases. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Anthrax 

30 

2 

'30 

1 
3 

42 
2 

36 
2 

51 
4 

35 

Blackleg 

13 

Foot-and-mouth  disease '. 

Hog  cholera 

1 
1 

2 



2 

Erysipelas  of  swine. . . 

Diseases. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

TotaL 

Anthrax 

25 
10 

24 
4 

13 
6 

18 
10 

19 
3 

32 

355 

Blackleg 

57 

Foot-and-mouth  disc^ase 

3 

Hog  cholera 

^ 

6 

Erysipelas  of  swine 

2 

3 

Diseases  scheduled  but  no  outbreaks  reported  in  1910 :  Rinderpest, 
pleuropneumonia,  glanders  and  farcy,  sheep  pox,  sheep  scab,  foot 
rot,  and  rabies. 

SWITZERLAND. 

The  Swiss  report  of  animal  diseases  in  1910  is  chiefly  noticeable 
for  the  diminution  of  foot-and-mouth  disease.  Although  prevalent 
in  some  degree  throughout  the  year,  the  total  number  of  cases  was 
only  2,442,  as  against  19,625  in  1909.  There  was  a  decrease  also  in 
all  the  other  diseases  listed  in  the  table  except  the  swine  diseases  and 
blackleg,  each  of  which  showed  a  slight  increase. 
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Cases  of  contagious  diseases  of  animals  in  Switzerland  during  1910. 


Diseases. 


Blackleg 

Anthrax 

Foot-and-mouth  disease: 

Cattle 

Other  animals 

Glanders  and  farcy 

Swine  erysipelas  and  cholera. 
Sheep  scab 


Jan.    ,    Feb. 


13 
22 


502 
114 


377 


998 
11 


017 


Mar. 


104 
22 


Apr. 


70 


G 
776 
265 


May. 


June. 


65 
11 

134 

25 

3 

9K2 


Diseases. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

TotaL 

Rlackleg 

160 
15 

122 

4 

229 
13 

232 
24 

102 
9 

368 
26 

67 
23 

73 
9 
5 

19 
14 

15 

.V 

631 

30 
30 

61 

16 

4 

1,328 

767 

Anthrax 

233 

Foot-and-mouth  disease: 

Cattle 

2,131 

Other  animals,              

311 

Qlanders  and  farcy 

21 

Swine  erysipelas  and  cholera 

Sheep  scab 

i,26i 

1 

2.195 

1,860 

14.J516 
280 

Diseases  sclieduled  but  no  cases  reported  in  1910:   Pleuropneumo- 
nia and  rabies. 
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ORGANIZATION  AND  WORK  OF  THE  BUREAU  OF 
ANIMAL  INDUSTRY. 

A.  D.  Melvin,  Chief  of  Bureau. 

A.  M.  Fabbington,  Assistant  Chief. 

Chables  C.  Cabboll,  Chief  Clerk. 

The  Bureau  of  Animal  Industry  has  charge  of  the  work  of  the  United  States 
Department  of  Agriculture  relating  to  the  live-stock  Industry.  In  general  it 
deals  with  the  investigation,  control,  and  eradication  of  diseases  of  animals,  the 
inspection  and  quarantine  of  live  stock,  the  inspection  of  meat  and  meat  food 
products,  and  with  animal  husbandry  and  dairying. 

The  bureau  conducts  the  inspection  of  live  stock,  meats,  and  meat  food  prod- 
ucts intended  for  Interstate  or  foreign  commerce,  under  the  act  of  Congress 
of  June  80,  1906,  and  also  has  charge  of  the  inspection  of  Import  and  export 
animals,  the  inspection  of  ships  for  the  transportation  of  export  animals,  and 
the  quarantine  stations  for  imported  animals.  It  investigates  the  existence  of 
communicable  diseases  of  live  stock,  makes  original  scientific  investigations  as 
to  the  nature,  cause,  and  prevention  of  such  diseases,  and  takes  measures  for 
their  repression  and  eradication,  frequently  in  cooperation  with  State  and  Terri- 
torial authorities.  As  part  of  this  work  a  quarantine  of  the  section  Infected 
with  Texas  or  southern  fever  of  cattle  is  maintained,  the  extermination  of  the 
tick  which  transmits  this  disease  has  been  undertaken,  and  sheep  scab  and 
cattle  mange  are  being  eradicated  from  the  West.  The  bureau  makes  investiga- 
tions in  the  breeding  and  feeding  of  animals  and  in  regard  to  dairy  subjects,  and 
supervises  the  manufacture  of  and  Interstate  commerce  in  renovated  butter. 
Reports  of  scientific  investigations  and  treatises  on  various  subjects  relating 
to  the  live-stock  industry  are  prepared  and  published. 

A  synopsis  of  the  work  of  each  division  follows. 

THE  ANIMAL  HUSBANDRY  DIVISION. 

Geobge  M.  Rommel.  Chief. 

This  division  gathers  information  and  makes  studies  and  experiments  con- 
cerning the  breeding  and  feeding  of  farm  animals  and  poultry,  certifies  to  the 
pure  breeding  of  animals  imported  into  the  United  States  for  breeding  purposes 
under  paragraph  492  of  the  tariff  act  of  August  5,  1909,  and  attends  to  corre- 
spondence and  prepares  publications  on  these  subjects.  The  division  is  now  en- 
gaged in  experiments  In  regard  to  the  harmful  properties  of  cotton  seed  and 
cottonseed  products  when  fed  to  hogs ;  a  study  of  the  shrinkage  of  beef  cattle  in 
shipment ;  experiments  in  breeding  small  animals ;  the  study  of  cross  breeding  in 
sheep;  the  utilization  of  native  goats  for  milk  production;  hybridizing  the 
Gv^yy  zebra  with  asses  and  horses;  experiments  to  test  the  value  of  different 
systems  of  feeding  poultry;  a  study  of  the  cost  of  production  of  poultry  and 
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eggs;  and  a  study  of  market  and  transi>ortation  problems  connected  with  the 
egg  and  poultry  trade. 

Cooperative  work  with  State  agricultural  experiment  stations  comprises  In- 
vestigations in  animal  nutrition  at  the  Pennsylvania  Station,  in  beef  production 
at  the  Alabama  Station,  in  horse  breeding  in  Colorado,  Iowa,  and  Vermont,  in 
breeding  milking  Shorthorn  cattle  In  Minnesota,  In  breeding  Holstein-Friesian 
cattle  In  North  Dakota,  In  poultry  breeding  and  management  in  Maine,  and  in 
sheep  breeding  In  Wyoming. 

The  staff  of  this  division  iuchules  G.  Arthur  Bell,  senior  animal  husband- 
man. In  charge  of  certification  of  iHHllgrees;  E.  I^  Shaw,  senior  animal  husband- 
man, and  Charles  E.  Snyder,  animal  husbandman,  in  charge  of  sheep  and  goat 
Investigations;  II.  P.  Armsby,  in  charge  of  animal  nutrition  investigations; 
W.  F,  Handschln,  In  charge  of  milking  Shorthorn  investigations;  Rob  R.  Slo- 
cum,  animal  husbandman,  in  charge  of  poultry  investigations;  Harry  M.  Lamon, 
junior  animal  husbandman.  In  charge  of  market  egg  and  poultry  investigations; 
E.  II.  Klley,  animal  husbandman  in  animal  breeding  investigations;  W.  F. 
Hammond,  sui)erlntendent  of  Morgan  horse  farm;  John  O.  Williams,  junior 
animal  husbandman,  in  charge  of  Colorado  horse-breeding  station;  W.  F. 
Ward,  Junior  animal  husbandman  In  beef-cattle  investigations,  and  H.  H. 
Reese,  in  charge  of  work  of  this  division  at  the  exi)erlment  farm,  Beltsville,  Md. 

THE  BIOCHEMIC   DIVISION. 
M.  DoRSKT,  Chief. 

This  division  prepares  tuberculin  and  malleln  and  furnishes  these  substances 
free  of  charge  to  health  ofUcors  for  use  in  official  tests.  It  conducts  experiments 
concerning  Immunity,  with  the  object  of  obtaining  vaccines  and  antitoxins  for 
animal  diseases;  carries  on  researches  concerning  causes  of  certain  infectious 
diseases;  In  connection  with  the  meat-lnsi)ection  service  makes  bacteriological 
and  chemical  examinations  of  meats  and  meat  food  products  and  of  condi- 
ments, etc.,  used  in  their  preparation ;  carries  on  experiments  with  dips  and  dis- 
infectants; and  prepares  for  publication  reports  of  work  done. 

The  scientific  work  of  the  division  Is  sulMllvlded  as  follows:  Hog-cholera  in- 
vestigations; Investigations  of  dips  and  disinfectants;  tuberculin  and  malleln 
laboratory;  meat-Inspection  laboratories.  There  are  seven  meat-inspection 
laboratories,  a  central  laboratory  being  located  in  Washington,  and  branch 
laboratories  In  six  other  cities. 

The  scientific  staff  of  the  division  Includes  J.  A.  Emery,  in  charge  of  research 
work  on  meat  products;  T.  M.  Price,  In  charge  of  central  meat- Inspection 
laboratory;  C.  N.  McBryile,  In  charge  of  bacteriological  Investigations  of  meats; 
R.  M.  Chapln,  In  charge  of  investigations  of  dips  and  disinfectants;  and  W.  B. 
Xlles,  In  charge  of  field  exi)erlmeuts  concerning  hog  cholera. 

THE  DAIRY   DIVISION. 

B.  H.  Rawt/,  r//ic/. 

The  work  of  this  division  Is  '*  to  collect  and  disseminate  information  concern- 
ing dairy  farming,  the  care  and  Improvement  of  dairy  cattle,  and  the  produc- 
tion, care,  and  distribution  of  dairy  products."  It  maintains  a  general  survey 
of  the  condition  of  the  dairy  industry  in  the  country  at  large  and  in  the  different 
sections.  In  addition  to  special  Inquiries  as  to  dairy  organizations,  dairy  schools 
and  facilities  for  technical  Instruction,  State  dairy  laws,  the  development  of 
markets,  the  milk  sui>ply  of  cities  and  towns,  and  the  laws  and  regulations  in 
reference  thereto. 
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Investigations  are  conducted  in  dairy-farm  management,  including  special 
work  in  the  Southern  and  Western  States  for  the  introduction  of  better  dairy 
practice  and  the  encouragement  of  diversified  farming  through  the  Introduction 
of  dairying.  The  formation  of  cow-testing  associations  on  a  self-sustaining 
basis  is  receiving  attention. 

The  division  also  makes  investigations  as  to  the  manufacture  of  butter  and 
cheese,  including  European  varieties  of  cheese,  and  concerning  dairy  machinery 
and  equipment.  The  division  architect  prepares  plans  and  gives  technical  advice 
for  the  construction  of  sanitary  and  economical  dairy  buildings.  The  organiza- 
tion and  management  of  creameries  and  factories  and  of  the  larger  dairy  enter- 
prises, now  Increasing  in  number  and  Importance,  are  receiving  special  atten- 
tion. The  division  is  also  charged  with  the  details  of  administration  of  the  laws 
concerning  the  Inspection  of  factories  and  markets  for  "  renovated "  or 
"process"  butter. 

Considerable  attention  has  been  given  to  work  in  connection  with  the  im- 
provement of  city  milk  supplies.  This  Is  accomplished  by  means  of  cooperation 
with  the  local  authorities.  Public  meetings  are  arranged  wherein  the  pro- 
ducers, consumers,  physicians,  and  others  are  brought  together  and  the  subject 
of  milk  Improvement  discussed.  There  Is  usually  also  a  competitive  exhibit  of 
milk  and  cream,  and  sometimes  of  dairy  farms.  The  score-card  system  of  scor- 
ing dairies  and  farms  used  and  recommended  by  the  division  Is  indispensable 
for  this  work.  It  has  been  found  of  great  value  In  a  large  number  of  cities 
where  It  is  now  regularly  in  use. 

Reports  upon  these  lines  of  work  are  prepared  and  published,  and  an  exten- 
sive correspondence  Is  conducted  to  ascertain  and  meet  the  needs  of  those 
Interested  In  the  various  departments  of  the  dairy  industry.  The  division  seeks 
to  serve  as  a  clearing  house  for  dairy  experience  and  information.  Its  officers 
and  agents  visit  the  dairy  centers  and  conventions  for  personal  contact  and 
advice. 

The  work  of  the  dairy  division  Is  subdivided  as  follows:  Dairy  farming  inves- 
tigations, In  charge  of  Helmer  Rablld;  research  laboratories,  In  charge  of  L.  A. 
Rogers;  dairy  manufacturing  investigations,  in  charge  of  S.  C.  Thompson; 
market  milk  Investigations,  In  charge  of  George  M.  Whltaker;  renovated  butter 
inspection.  In  charge  of  Robert  McAdam. 

THE  INSPECTION  DIVISION. 

Rice   P.    Steddom,    Chief;   Mobbis   Wooden,   R.   A.    Ramsay,   and   Albert    E. 
Behnke,  Associate  Chiefs. 

The  work  of  the  Inspection  Division  consists  of  two  main  lines — the  meat 
Inspection  and  the  field  work  for  the  control  and  eradication  of  contagious 
diseases. 

The  meat  inspection  includes  the  ante-mortem  and  post-mortem  inspection  of 
cattle,  sheep,  swine,  and  goats  slaughtered  at  establishments  engaged  in  inter- 
state or  foreign  commerce;  the  supervision  of  such  establishments  and  of  the 
various  processes  of  preparing,  curing,  canning,  packing,  etc.,  so  as  to  Insure 
sanitary  conditions,  equipment,  and  methods  ^  the  condemnation  and  proper  dis- 
posal of  carcasses  and  products  found  to  be  diseased,  unwholesome,  or  otherwise 
unfit  for  human  food ;  the  marking  and  certification  of  meats  and  products  that 
have  been  Inspected  and  passed;  and  the  regulation  and  supervision  of  the 
Interstate  transportation  and  exportation  of  meats  and  meat  food  products. 
The  meat  inspection  Is  carried  on  at  863  establishments  in  238  cities  and  towns. 
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The  field  work  consists  In  tlie  inspection  of  live  stock  at  points  of  origin,  in 
transit,  and  at  market  centers,  the  disinfection  of  cars,  and  the  supervlMon 
and  enforcement  of  other  measures  to  prevent  the  spread  of  contagious  diseases 
through  the  channels  of  interstate  commerce  and  to  stamp  out  such  di8ease& 
This  includes  the  eradication  of  southern  cattle  ticks,  the  inspection  of  southern 
cattle,  and  the  supervision  of  their  movement  when  forwarded  from  the  area 
quarantined  on  account  of  Texas  or  southern  cattle  fever;  also  the  inspection 
and,  when  necessary,  the  dipping  of  sheep  and  cattle  to  eradicate  and  prevent 
the  spread  of  scabies.  As  a  result  of  the  latter  work,  in  cooperation  with  State 
and  Territorial  authorities,  sheep  scab  and  cattle  mange  liave  l)een  wiped  out 
from  large  areas  in  the  West  where  they  were  formerly  prevalent,  and  efforts 
are  being  directed  toward  the  ultimate  eradication  of  these  diseases  from  the 
United  States. 

THE  PATHOLOGICAL  DIVISION. 

John  R.  Mohleb,  Chief, 

The  work  of  this  division  is  chiefly  along  the  lines  of  investigating  diseases 
of  animals.  It  prepares  and  distributes  blackleg  vaccine  and  tabulates  the 
results ;  conducts  scientific  investigations  of  animal  diseases ;  carries  on  experi- 
ments with  immunizing  agents  for  the  purpose  of  protecting  animals  against 
diseases;  cooperates  with  the  State  agricultural  experiment  stations  with  a 
view  to  combating  diseases  peculiar  to  the  localities;  determines  pathological 
specimens  referred  to  the  division  for  diagnosis;  and  prepares  answers  to 
numerous  inquiries  regarding  diseases  of  animals.  Reports  are  prepared  and 
published  upon  the  experimental  work  carried  on. 

The  scientific  staff  of  the  division  includes  Henry  J.  Washburn,  senior  bacte- 
riologist ;  J.  S.  Buckley,  In  charge  of  rabies  investigations;  George  Byron  Morse, 
in  charge  of  investigations  concerning  diseases  of  poultry  and  cold-blooded 
animals;  Charles  F.  Flocken,  in  charge  of  cooperative  experiments  with  the 
Minnesota  Experiment  Station;  Adolph  Eichhom,  in  charge  of  glanders  investi- 
gations; Robert  J.  Formad,  assistant  in  animal  pathology;  Jacob  Tramn,  in 
charge  of  field  investigations;  John  M.  Buck,  assistant  In  animal  bacteriology; 
II.  C.  Campbell,  in  charge  of  cooperative  experiments  with  the  Pennsylvania 
live-stock  sanitary  board;  H.  J.  Frederick,  in  charge  of  cooperative  experiments 
with  I'tah  Exi)eriment  Station;  L.  Enos  Day,  in  charge  of  branch  pathological 
laboratorj'  at  Chicago.  111.;  and  Charles  F.  Dawson,  in  charge  of  cooperative 
exi)eriments  with  the  Delaware  Exi)eriment  Station. 

THE  QUARANTINE  DIVISION. 

RjciiARD  W.  Hickman,  Chief, 

The  inspection  and  quarantine  of  imported  animals  with  a  view  to  excluding 
contagion,  the  management  of  the  animal  quarantine  stations,  and  the  inspec- 
tion of  live  stock  for  exjiort  come  under  this  division.  Ships  carrying  exported 
animals  are  lfisi>e('ted,  and  regulations  as  to  fittings,  equipment,  ventilation, 
feed,  water,  attendants,  etc.,  are  enforced.  It  also  carries  on  cooperative  work 
with  State  and  other  authorities  for  the  intrastate  tuberculin  testing  of  dairy 
and  breeding  cattle  and  of  cows  supplying  milk  to  cities,  with  a  view  to  elmini- 
nating  tuberculosis  from  dairy  herds  and  from  an/ong  such  breeding  cattle. 

THE  ZOOLOGICAL  DIVISION. 

B.  H.  Ransom,  Chief. 

This  division  investigates  diseases  of  parasitic  origin  and  prepares  and  pub- 
lishes reports  on  such  investigations,  collects  and  describes  animal  i^arasites  of 
all  kinds,  determines  such  parasites  as  are  s^t  to  the  bureau  for  id^itifica- 
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tion,  and  conducts  correi^)ondence  regarding  them ;  keeps  a  card  index  of  animal 
parasites  and  a  bibliography  of  literature  relating  to  them.  The  scientific 
staff  includes  Albert  Hassall,  Harry  W.  Graybill,  and  Maurice  C.  Hall,  assistant 
zoologists,  and  Howard  Crawley  and  Wlnthrop  D.  Foster,  junior  zoologists. 

THE  EXPERIMENT  STATION. 
E.  C.  ScHROEDEB,  Superintendent;  W.  E.  Cotton,  Assistant. 

The  Experiment  Station  of  the  bureau  Is  located  at  Bethesda,  Md.  It  is 
equipped  for  and  conducts  Investigations  regarding  animal  diseases  with  a  view 
to  their  control  and  eradication  and  their  bearing  on  the  public  health,  and  in- 
vestigations in  animal  breeding,  with  special  reference  to  the  laws  of  heredity 
and  the  development  of  Increased  resistance  to  disease.  A  small  farm  is  main- 
tained in  such  a  manner  as  to  provide  the  other  divisions  of  the  bureau  with 
facilities  for  making  observations  for  which  large  domestic  animals  are  needed. 
The  work  of  the  station  consists  of  independent  original  investigations  and 
investigations  in  cooperation  with  and  supplemental  to  those  of  the  other  divi- 
sions.   Reports  of  the  results  obtained  are  written  for  publication. 

THE  EDITORIAL  OFFICE. 

James  M.  Pickens,  Editor. 

The  work  of  this  office  comprises  the  editing  and  proof  reading  on  behalf  of 
the  bureau,  the  compilation  of  the  annual  report,  and  the  preparation  of  special 
articles  and  other  material  for  publication.  This  office  also  makes  translations, 
compiles  information,  and  attends  to  miscellaneous  correspondence. 


PUBLICATIONS  OF  THE  BUREAU  IN  1910. 

Following  Is  a  list  of  publications  issued  by  the  Bureau  of  Animal  Industry 
during  the  year  1910,  excepting  regulations,  which  are  to  be  found  in  this  re- 
port (pages  532-556).  A  circular  giving  a  list  of  the  available  publications  of 
the  bureau  will  be  sent  free  upon  request  addressed  to  the  Secretary  of  Agri- 
culture. The  editions  of  some  of  the  publications  are  necessarily  limited,  and 
when  the  supply  Is  exhausted  and  no  funds  are  available  for  procuring  addi- 
tional copies  applicants  will  be  referred  to  the  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  D.  C,  the  officer  designated  by  law 
to  sell  Government  publications. 

BEPOBTS. 

Twenty-flfth  Annual  Report  of  the  Bureau  of  Animal  Industry  for  the  year 

1908.    Pp.  502,  pis.  11,  figs.  72. 
Report  of  the  Chief  of  the  Bureau  of  Animal  Industry  for  [the  fiscal  year 

ended  June  30,]  1910.    Pp.  83. 

BULLETINS. 

Bulletin  39,   Part  26.     Index-Catalogue  of  Medical  and  Veterinary  Zoology. 

Authors:  S  to  Schnyder.    Pp.  1981-2076. 
Same,  Part  27.    Authors :  Schoch  to  Silvestrlni.    Pp.  2077-2168. 
Same,  Part  28.    Authors:  Sim  to  von  Stenitzer.    Pp.  2169-2250. 
Same,  Part  29.    Authors :  Stenroos  to  Szym&nski.    Pp.  2251-2326, 
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Same,  Part  30.    Authors:  T  to  Thon.    Pp.  2327-2386. 

Same,  Part  31.    Authors:  Thooris  to  Utz.    Pp.  2387-2442. 

Same,  Part  32.    Authors :  V  to  Vyner.    Pp.  2443-2508. 

Bulletin  118.     Cultural  Studies  of  Species  of  PenicilUum.    By  Charles  Thorn, 

mycologist  in  cheese  investigations,  Dairy  Division.    Pp.  109,  figs.  36. 
Bulletin  120.     The  Intracellular  Enzyms  of  PenicUHum  and  Aspergillus,  with 

Special  Reference  to  Those  of  PenicUHum  camemherti.    By  Arthur  Way- 
land  Dox,  chemist  in  cheese  Investigations,  Dairy  Division.    Pp.  70. 
Bulletin  122.    Factors  Controlling  the  Moisture  Content  of  Cheese  Curds.     By 

J.  L.  Sammis,  of  the  Wisconsin  Agricultural  Experiment  Station,  and  S.  K. 

Suzuki,  chemist,  and  W.  F.  Laabs,  cheesemaker,  of  the  Dairy  Division, 

Bureau  of  Animal  Industry.    Pp.  61,  figs.  27. 
Bulletin  123.     The  Influence  of  Lactic  Acid  on  the  Quality  of  Cheese  of  the 

Cheddar  Type.     By   C.    F.   Doane,   assistant  dairyman,    Dairy   Division. 

Pp.  20,  figa  2. 
Bulletin  124.  Methods  and  Standards  in  Bomb  Calorimetry.     Investigations  in 

Cooperation  with  the  Institute  of  Animal  Nutrition  of  the  Pennsylvania 

State  College.     By  J.  August  Fries,  assistant  expert  in  animal  nutrition. 

Pp.  32. 
Bulletin  125,  Part  1.  The  Old  Parasite  and  Allied  Species  of  the  Cestode  Genus 

Multicepa.     I.  Historical  Review.     By  Maurice  C.  Hall,  junior  zoologist. 

Zoological  Division.     Pp.  68,  fig.  1. 
Bulletin  126.  The  Bacteriology  of  Commercially  Pasteurized  and  Raw  Market 

Milk.     By  S.  Henry  Ayers,  bacteriologist.  Dairy  Division,  and  William  T. 

Johnson,  scientific  assistant.  Dairy  Division.    Pp.  98,  figs.  16. 

CIRCULABS. 

Circular  153.  The  Dissemination  of  Disease  by  Dairy  Products.  I.  Milk  as  a 
Carrier  of  Contagious  Disease,  and  the  Desirability  of  Pasteurization. 
By  G.  Lloyd  Magruder.  II.  The  Importance  of  a  Wholesome  Milk  Supply. 
By  John  R.  Mohler.  III.  The  Relation  of  the  Tuberculous  Cow  to  Public 
Health.  By  E.  C.  Schroeder.  IV.  Interpretation  of  Results  of  Bacterio- 
logical Examination  of  Milk.  By  L.  A.  Rogers  and  S.  H.  Ayera  V. 
Pasteurization,  Its  Advantages  and  Disadvantages.  By  M.  J.  Rosenau. 
Pp.  57,  figs.  11. 

Circular  154.  The  Need  of  State  and  Municipal  Meat  Inspection  to  Supplement 
Federal  Inspection.  By  A.  M.  Farrington,  Assistant  Chief,  Bureau  of 
Animal  Industry.  Pp.  14,  figs.  6.  (Reprinted  from  the  Twenty-fifth 
Annual  Report  of  the  Bureau  of  Animal  Industry.) 

Circular  155.  Mycotic  Lymphangitis  of  Horses.  By  John  R.  Mohler,  Chief  of 
the  Pathological  Division.  Pp.  5,  figs.  4.  (Reprinted  from  the  Twenty-fifth 
Annual  Report  of  the  Bureau  of  Animal  Industry.) 

Circular  156.  Chronic  Bacterial  Dysentery  of  Cattle.  By  John  R.  Mohler,  Chief 
of  the  Pathological  Division.  Pp.  3,  fig.  1.  (Reprinted  from  the  Twenty- 
fifth  Annual  Report  of  the  Bureau  of  Animal  Industry.) 

Circular  157.  The  Prevention  of  Losses  Among  Sheep  from  Stomach  Worms 
iHcemonchtcs  contort  us).  By  B.  H.  Ransom,  Chief  of  the  Zoological  Divi- 
sion. Pp.  10.  (Reprinted  from  the  Twenty-fifth  Annual  Report  of  the 
Bureau  of  Animal  Industry.) 

Circular  158.  Improved  Methods  for  the  Production  of  Market  Milk  by  Ordi- 
nary Dairiea  By  C.  B.  Lane  and  Karl  E.  Parks,  of  the  Dairy  Division. 
Pp.  12,  figs.  11.  (Reprinted  from  the  Twaity-fifth  Annual  Report  of  the 
Bureau  of  Animal  Industry.) 
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Circular  159.  Some  Important  Facts  in  the  Life  History  of  the  Gid  Parasite 
and  their  Bearing  on  the  Prevention  of  the  Disease.  By  Maurice  C.  Hall, 
junior  zoologist,  Zoological  Division.    Pp.  7. 

Circular  160.  Lip-and-Leg  Ulceration  of  Sheep.  I.  The  Worlc  of  the  Bureau 
of  Animal  Industry  for  the  Suppression  of  Lip-and-Leg  Ulceration  of 
Sheep.  By  A.  D.  Melvln,  Chief  of  the  Bureau  of  Animal  Industry.  II. 
Lip-and-Leg  Ulceration  (Necrobacillosis)  of  Sheep:  Its  Cause  and  Treat- 
ment. By  John  R.  Mohler,  Chief  of  the  Pathological  Division.  Pp.  35, 
figs.  7. 

Circular  161.  Whey  Butter.  By  C.  F.  Doane,  assistant  dairyman,  Dairy 
Division.     Pp.  7. 

Circular  162.  Officials,  Organizations,  and  Educational  Institutions  Connected 
with  the  Dairy  Interests  (1910).    Pp.  31. 

Circular  163.  The  Regeneration  of  the  Morgan  Horse.  By  George  M.  Rommel, 
Chief  of  the  Animal  Husbandry  Division.    Pp.  14,  figa  2. 

Circular  164.     State  Live-Stock  Sanitary  Officers.    Pp.  4. 

Circular  165.  Methods  for  the  Eradication  of  Gid.  By  Maurice  C.  Hall, 
Junior  zoologist.  Zoological  Division.     Pp.  29,  pi.  1,  figs.  14. 

SEPARATES    FROM    TWENTY-FIFTH    ANNUAL   REPORT. 

The  Economic  Importance  of.  Tuberculosis  of  Food-Producing  Animals.    By 

A.  D.  Melvln.  Chief  of  the  Bureau  of  Animal  Industry.     Pp.  97-107. 
The  1908  Outbreak  of  Foot-and-Mouth  Disease  in  the  United  States.    By  A.  D. 

Melvin,  Chief  of  the  Bureau  of  Animal  Industry.    Pp.  379-392,  figs.  65-72. 
The  Causation  and  Character  of  Animal  Tuberculosis,  and  Federal  Measures  for 

Its  Repression.    By  John  R.  Mohler,  Chief  of  the  Pathological  Division. 

Pp.  155-164. 
Malta  Fever  and  the  Maltese  Goat  Importation.    By  John  R.  Mohler,  Chief  of 

the  Pathological  Division,  and  George  H.  Hart,  Assistant  in  Bacteriology, 

Pathological  Division.    Pp.  279-295,  PI.  V,  figs.  3&^8. 
The  Effect  of  Smelter  Fumes  upon  the  Live-Stock  Industry  in  the  Northwest. 

By   Robert   J.   Formad,   pathologist.   Pathological   Division.     Pp.   237-268, 

figs.  29-^35. 
The  Relation  of  the  Tuberculous  Cow  to  Public  Health.    By  E.  C.  Schroeder, 

superintendent  of  the  Bureau  IGxperJment  Station.    Pp.  109-153,  pis.  I-III, 

figs.  7-21. 
Notes  on  the  Animal  Industry  of  Argentina.    By  George  M.  Rommel,  animal 

husbandman,  Bureau  of  Animal  Industry.    Pp.  315-333,  pis.  VI-XI,  figs. 

39-53. 
State  Legislation  Regulating  the  Standing  of  Stallions  and  Jacks  for  Public 

Service.    By  Roy  A.  Cave,  herdbook  assistant,  Bureau  of  Animal  Industry. 

Pp.  335-344. 
The  Action  of  Saltpeter  Upon  the  Color  of  Meat.    By  Ralph  Hoagland,  in  charge 

of  Chicago  laboratory,  Biochemlc  Division.    Pp.  301-314. 
The  Control  of  Hog  Cholera  by  Serum  Immunization.     By  A.  D.  Melvin,  Chief 

of  the  Bureau  of  Animal  Industry.    Pp.  219-224. 
Field  Tests  with  Serum  for  the  Prevention  of  Hog  Cholera.     By  W.  B.  Niles, 

Inspector  in  charge  of  field  station,  Biochemlc  Division.    Pp.  177-217. 

SEPARATE   FROM   DEPARTMENT  YEARBOOK. 

Tuberculosis  of  Hogs  and  How  to  Control  It.  By  John  R.  Mohlor,  chief. 
Pathological  Division,  and  Henry  J.  Washburn,  senior  bacteriologist,  Patho- 
logical Division.    Pp.  227-238,  pis.  3. 
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FABMEBS*  BULLETINS. 

Fanners*  Bulletin  380.  The  Loco- Weed  Disease.  By  C.  Dwight  Marsh,  expert, 
poisonous  plant  investigations,  Bureau  of  Plant  Industry.    Pp.  16,  figa  4. 

Farmers*  Bulletin  411.  Feeding  Hogs  in  the  South.  By  Dan  T.  Gray,  professor 
of  animal  Industry,  Alabama  Polytechnic  Institute;  expert  in  animal 
husbandry,  Bureau  of  Animal  Industry.    Pp.  47,  flga  9. 

Farmers*  Bulletin  413.  The  Care  of  Milk  and  Its  Use  in  the  Homa  By  George 
M.  Whitaker,  in  charge  of  market  milk  investigations,  Dairy  Division, 
Bureau  of  Animal  Industry;  L.  A.  Rogers,  bacteriologist  in  charge  of 
research  laboratories,  Dairy  Division,  Bureau  of  Animal  Industry;  and 
Caroline  L.  Hunt,  expert  in  nutrition,  Oflace  of  Experiment  Stations.    Pp.  20. 


RULES  AND  REGULATIONS  OF  THE  SECRETARY  OF  AGRI- 
CULTURE RELATING  TO  THE  ANIMAL  INDUSTRY  ISSUED 
IN  1910. 

Amendment  12  to  B.  A.  I.  Obdbb  136. 

Begrulations  for  the  Certification  of  Associations  of  Breeders  of  Purebred 
Live  Stock  and  Books  of  Becord  of  Pedigrrees — ^Withdrawal  of  Certifica- 
tion. 

U.  8.  Depaetment  of  Aqbicclture,  Office  of  the  Secretabt, 

Washington,  D.  C.  April  tl,  J910. 
On  account  of  the  removal  of  the  office  of  the  following  association  and  book  of  record 
of  pedigrees  to  Canada,  its  certification  has  been  withdrawn  and  the  Secretary  of  the 
Treasury  informed  to  this  effect : 

American  hooks  of  record. 


Name  of  breed. 

Book  of  record. 

By  whom  published. 

Suffolk 

American     Suffolk 
Flock  Record. 

American  Suffolk  Flock  Reeistry  Association,  Oeoige  W. 
Franklin,  secretary,  Des  Moines,  Iowa. 

James  Wilson,  Becretary. 


Amendment  10  to  B.  A.  I.  Order  142. 

Amendment  to  Begulation  45  of  Bureau  of  Animal  Industry  Order  142 
(Begulations  for  the  Inspection  and  Quarantine  of  Horses,  Cattle,  Sheep, 
and  Other  Buminants,  and  Swine  Imported  into  the  United  States),  for 
the  Purpose  of  Preventing  the  Importation  from  Mexico  of  Horses  In- 
fested with  Ticks  (Margaropus  Annulatus)  into  any  Area  of  the  United 
States  from  which  Cattle  are  Excluded  on  Account  of  Ticks. 

U.  S.  Depabtment  of  Aobiculttkb,  Office  of  the  Secrbtaby, 

Washington,  D.  C,  June  1,  J9t0. 

Regulation  45  of  the  Regulations  of  the  Secretary  of  Agriculture  for  the  Inspection 
and  Quarantine  of  Horses,  Cattle,  Sheep,  and  Other  Ruminants,  and  Swine  Imported 
into  the  United  States,  Bureau  of  Animal  Industry  Order  142,  is  hereby  amended  to  read 
as  follows: 

All  horses  infested  with  ticks  are  prohibited  from  entering  the  United  States  from  the 
Republic  of  Mexico,  when  destined  to  an  area  in  the  United  States  from  which  cattle  are 
excluded  by  the  Federal,  State,  or  Territorial  authorities  on  account  of  ticks,  unless  and 
until  such  tick-infested  horses  are  first  dipped  or  otherwise  treated  aa  hereinafter  specl- 
fled  In  this  regulation. 
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Horses  that  can  be  handled  and  inspected  for  ticks  shall  be  so  inspected  at  th«  port  of 
entry.  The  importation  of  unbroken  horses  (i.  e.,  those  which  are  not  gentle  and  are 
not  broken  for  saddle,  harness,  or  work),  destined  to  an  area  from  which  cattle  are 
excluded  by  the  Federal,  State,  or  Territorial  authorities  on  account  of  ticks,  is  prohib- 
ited unless  the  horses  are  first  dipped  as  hereinafter  specified  in  this  regulation  for  tick- 
infested  horses.  However,  if  horses  intended  for  importation  into  the  United  States  are 
held  for  six  months  immediately  preceding  the  date  they  are  offered  for  importation,  on 
premises  known  to  be  free  from  ticks,  they  may  be  admitted  for  any  destination  without 
dipping.  Horses  belonging  to  Indian  tribes  and  settlers  and  those  used  In  stock  raising 
(cow  ponies)  or  mining,  and  those  for  temporary  stay  at  points  along  the  frontier,  not 
to  exceed  two  weeks,  whether  for  pleasure,  driving,  or  teaming,  may  be  admitted  into 
the  United  States  without  inspection,  provided  they  are  not  entered,  moved,  or  permitted 
to  enter  into  any  portion  of  any  State  or  Territory  into  which  the  movement  of  cattle  is 
prohibited  by  the  Federal,  State,  or  Territorial  authorities  on  account  of  ticks. 

The  dipping  required  for  tick-infested  horses  shall  be  done  in  Beaumont  crude  petro- 
leum or  standard  arsenical  solution,  or  the  horses  shall  be  otherwise  treated  in  a  manner 
approved  by  the  Secretary  of  Agriculture. 

Horses  will  be  admitted  in  bond  at  any  port  of  the  United  States  upon  inspection  for 
export  from  any  port  of  the  United  States.  They  shall,  however,  be  subject  to  inspection 
when  exported  from  ports  at  which  the  department  has  inspectors  stationed. 

Horses. — This  word,  in  this  regulation,  refers  to^  and  includes  horses,  mules,  asses,  and 
burros. 

Ticks. — ^Thls  word  refers  to  cattle  ticks  {Margaropus  annulatus). 

Standard  arsenical  solution. — In  preparing  each  500  gallons  of  the  standard  arsenical 
solution  there  shall  be  used  10  pounds  of  finely  powdered  white  arsenic  containing  not 
less  than  99  per' cent  of  arsenic  trloxld,  25  pounds  of  sal  soda,  and  1  gallon  of  pine  tar. 
The  arsenic  and  sal  soda  shall  be  boiled  together  in  not  less  than  25  gallons  of  water 
for  15  minutes,  or  longer  If  necessary  to  effect  complete  solution  of  the  arsenic.  Before 
the  pine  tar  is  added  the  temperature  of  the  solution  shall  be  reduced  to  140*^  F.  This 
may  be  done  by  the  addition  of  cold  water.  The  pine  tar  shall  then  be  added  in  a  small 
stream  while  the  solution  is  thoroughly  stirred,  after  which  the  solution  shall  be  im- 
mediately diluted  with  clear  water  sufQcient  to  make  500  gallons  of  dip. 

This  amendment  shall  become  and  be  effective  on  and  after  July  1,  1910. 

Willis  L.  Moose^  Aciino  Secretary  of  Agriculture. 


Amendment  8  to  B.  A.  I.  Orobb  146. 

Amendment  8  to  Bule  3,  Bevision  1. — ^To  Prevent  the  Spread  of  Scabies  in 
Sheep  (effective  on  and  after  Augrust  29,  1910). 

United  States  Dbpabtmbnt  op  Aobiculturb, 

Office  of  the  Sbcrbtabt. 

It  Is  ordered  that  the  quarantine  for  scabies  in  sheep  placed  upon  the  State  of  Ken- 
tucky by  amendment  4  to  rule  3,  revision  1,  dated  August  5,  1909,  and  effective  on  and 
after  August  16,  1909,  be,  and  the  same  is  hereby,  modified  to  permit  the  interstate  ship- 
ment of  sheep  of  States  not  quarantined  for  scabies  in  sheep  which  are  exhibited  at  the 
Kentucky  State  Pair  to  be  held  at  Louisville  September  13  to  18,  1910,  inclusive,  subject 
to  the  following  restrictions : 

(a)  Such  sheep  shall  be  shipped  by  rail  to  Louisville  and  shall  not  be  unloaded  in  the 
area  quarantined  for  sheep  scabies  elsewhere  than  at  Louisville. 

(6)  Separate  cleaned  and  disinfected  chutes  and  other  facilities  shall  be  provided  for 
the  exclusive  unloading  and  loading  of  such  sheep  at  Louisville. 

(c)  Such  sheep  shall  be  hauled  In  cleaned  and  disinfected  wagons  direct  from  the  cars 
in  which  they  arrive  &X  Louisville  to  the  fair  grounds,  and  from  the  fair  grounds  direct 
to  the  cars  in  which  they  are  to  be  reshipped. 

id)  That  portion  of  the  fair  grounds  or  other  premises  to  be  occupied  exclusively  by 
such  sheep  shall  be  cleaned  and  disinfected  under  the  supervision  of  an  employee  of  *the 
Bureau  of  Animal  Industry  before  said  sheep  are  placed  therein. 

(e)  Such  sheep  shall  not  be  moved  interstate  from  Louisrllle  except  In  cleaned  and 
disinfected  cars,  nor  unless  accompanied  by  a  certificate  issued  by  an  inspector  of  the 
Bureau  of  Animal  Industry  showing  that  the  sheep  have  had  no  opportunity  to  become 
infected  with  scabies. 

Done  at  Washington  this  18th  day  of  August,  1910. 

Witness  my  hand  and  seal  of  the  Department  of  Agriculture. 

[SBAL.]  W.  M.  Hays,  Acting  Secretary  of  Agriculture. 
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B.  A.  I.  Obdeb  167. 

Bule  2,  Bevision  3.— To  Prevent  the  Spread  of  Scabies  in  Cattle  (effective 
on  and  after  January  15,  1910). 

United  Statbs  Department  op  Agriccltcbe, 

Office  of  the  Sbceetary. 

The  fact  has  been  determined  by  the  Secretary  of  Agriculture,  and  notice  is  hereby 
given,  that  a  contagious,  communicable  disease  known  as  scabies  exists  among  cattle  In 
the  following-named  States  and  Territory,  to  wit : 

Montana,  South  Dakota,  Nebraska,  Kansas,  Wyoming,  Colorado,  Oklahoma,  Texas, 
AND  Nbw  Mexico. 

Now,  therefore,  I,  Jambs  Wilson,  Secretary  of  Agriculture,  under  authority  con- 
ferred by  section  1  of  the  act  of  Congress  approved  March  3,  1905  (33  Stat.,  864),  do 
hereby  quarantine  the  following  territory,  to  wit : 

In  Montana  the  counties  of  Teton,  Chouteau,  Valley,  and  Dawson. 

In  South  Dakota  all  that  territory  lying  south  and  west  of  the  Missouri  River. 

In  Nebraska  the  counties  of  Sioux,  Scotts  Bluff,  Banner,  Kimball,  Cheyenne,  Boxbntte, 
Dawes,  Sheridan,  Deuel,  Dundy,  Chase,  Perkins,  Keith,  Mcpherson,  Grant,  Cherry,  Hooker, 
Thomas,  Logan,  Lincoln,  Hayes,  Hitchcock,  Blaine,  Brown,  Keyapaha,  Rock,  Loup,  Gar- 
field, Wheeler,  and  Holt. 

In  Kansas  the  counties  of  Wallace,  Greeley,  Hamilton,  Stanton,  Morton,  Stevens, 
Grant,  Kearney,  Wichita,  Scott,  Finney,  Gray,  Haskell,  Seward,  Meade,  and  Clark. 

In  Wyoming  the  counties  of  Natrona,  Converse,  and  Laramie. 

In  Colorado  the  counties  of  Logan,  Sedgwick,  Phillips,  Yuma,  Washington,  Morgan, 
Kit  Carson,  Cheyenne,  Kiowa,  lYotVers,  Baca,  Bent,  Otero;  that  part  of  the  counties 
of  Pueblo,  Huerfano,  and  Las  Animas  lying  east  of  the  eighth  guide  meridian  west; 
that  part  of  the  counties  of  Weld  and  Adams  lying  east  of  the  Union  Pacific  Railroad 
from  Its  intersection  with  the  Colorado- Wyoming  State  line,  south^ly  to  Its  intersection 
with  the  northern  boundary  of  Denver  County ;  that  part  of  Adams,  Arapahoe,  Elbert, 
and  Lincoln  Counties  lying  north  and  east  of  the  Union  Pacific  Railroad  from  its  Inter- 
section with  the  eastern  boundary  of  Denver  County,  southeasterly  to  Llmon,  Colo.,  and 
that  part  of  Lincoln,  Elbert,  and  El  Paso  Counties  lying  south  and  east  of  the  Chicago, 
Rock  Island  &  Pacific  Railway  from  Llmon,  Colo.,  southwesterly  to  its  Intersection  with 
the  eighth  guide  meridian  west. 

In  Oklahoma  the  countries  of  Cimarron,  Texas,  Beaver,  and  Harper. 

In  Texas  the  counties  of  Dallam,  Sherman,  Hansford,  Ochiltree,  Lipscomb,  Hemphill, 
Roberts,  Hutchinson,  Moore,  Hartley,  Oldham,  Potter,  Carson,  Gray,  Donley,  Armstrong, 
Randall,  Deaf  Smith,  I*armer,  Castro,  Swisher,  Briscoe,  Hall,  Motley,  Floyd,  Hale,  Lamb, 
Bailey,  Cochran,  Hockley,  Lubbock,  Crosby,  Dickens,  Kent,  Garza,  Lynn,  Terry,  Yoakum, 
Gaines,  Dawson,  Borden,  Scurry,  Howard,  Martin,  Andrews,  Nueces,  Cameron,  and 
Hidalgo. 

In  New  Mexico  the  counties  of  Union,  Guadalupe,  Quay,  Roosevelt,  Chaves,  Eddy, 
that  portion  of  Torrance  County  lying  east  and  south  of  the  El  Paso  &  Rock  Island 
Railway,  that  portion  of  Lincoln  County  lying  east  and  south  of  the  El  Paso  &  North- 
eastern and  the  EI  Paso  &  Rock  Island  Railways,  and  that  portion  of  Otero  County  lying 
east  of  the  EI  Paso  &  Northeastern  Railway. 

The  effect  of  this  order  Is  to  release  from  quarantine  the  counties  of  Boyd,  Custer,  and 
Dawson,  in  the  State  of  Nebraska  ;  the  counties  of  Cheyenne,  Rawlins,  Sherman,  Logan, 
Gove,  Lane,  Ford,  Kiowa,  and  Comanche,  in  the  State  of  Kansas ;  the  counties  of  Carbon 
and  Albany,  in  the  State  of  Wyoming;  that  part  of  Weld  and  Adams  counties  lying  west 
of  the  Union  Pacific  Railroad  running  from  Denver  to  Cheyenne;  that  part  of  the 
counties  of  Adams,  Arapahoe,  Elbert,  Lincoln,  and  El  Paso  lying  south  and  west  of 
the  Union  Pacific  Railroad  running  southeasterly  from  Denver  to  Llmon  and  north  and 
west  of  the  Chicago,  Rlc*  Island  &  Pacific  Railway  running  southwesterly  from  Llmon, 
Colo.,  to  its  intersection  With  the  eighth  guide  meridian  west,  In  the  State  of  Colorado, 
and  the  counties  of  Wheeler,  Collingsworth.  Childress,  Cottle,  King,  Stonewall,  Fisher, 
Nolan,  Mitchell,  and  that  part  of  Knox,  Haskell,  Jones,  and  Taylor  Counties  lying  west 
of  the  one  hundredth  meridian  west  of  Greenwich,  In  the  State  of  Texas. 

It  is  ordered  by  this  ru\(S  2,  revision  3,  under  the  authority  and  discretion  conferred 
upon  the  Secretary  of  Agriculture  by  section  3  of  the  act  of  Congress  approved  March 
3,  1905  (33  Stat.,  864),  that  cattle  shall  be  moved  from  the  quarantined  area  of  any 
State  or  Territory  to  any  other  State  or  Territory  or  District  only  in  accordance  with 
the  regulations  of  the  Secretary  of  Agriculture  designated  as  B.  A.  I.  Order  148, 
oromulgated  March  22,  1907,  and  effective  April  15,  1907,  and  the  amendments  thereto. 

This  rule  2,  revision  3,  Is  subject  to  amendment  or  revision  on  irtatutory  notice. 

Rule  2,  revision  2,  dated  September  5,  1908,  and  effective  October  1,  1908,  and  Its 
amendments  dated  September  23,  1908,  May  6,  1909,  and  August  19,  1909,  respectively. 
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shall  cease  to  be  effective  on  and  after  January  15,  1910,  on  and  after  which  date  this 
rule  2,  revision  3,  which  for  purposes  of  identification  is  designated  as  B.  A.  I.  Order 
167,  shall  become  and  be  effective  until  otherwise  ordered. 

Done  at  Washington  this  22d  day  of  December,  1909. 

Witness  my  hand  and  the  seal  pt  the  Department  of  Agriculture. 

[8BAL.1  James  Wilson,  Secretary  of  Agriculture. 


Amendment  1  to  B.  A.  I.  Obobb  167. 

Amendment  1  to  Bule  2,  Bevision  3. — To  Prevent  the  Spread  of  Scabies  in 
Cattle  (effective  on  and  after  August  1,  1910). 

United  States  Depabtment  of  Agriculture, 

Office  of  the  Sbcrbtart. 

The  fact  has  been  determined  by  the  Acting  Secretary  of  Agriculture,  and  notice  is 
hereby  given,  that  the  contagious  disease  known  as  scabies  is  not  now  known  to  exist, 
or  exists  to  a  slight  extent  only,  among  cattle  in  the  county  of  Dawson,  in  the  State  of 
Montana,  and  in  the  counties  of  Hayes,  Hitchcock,  Chase,  and  Dundy,  in  the  State  of 
Nebraska,  quarantined  by  rule  2,  revision  3,  dated  December  22,  1909,  and  effective 
January  15,  1910. 

Now,  therefore,  I,  Willis  L.  Moore,  Acting  Secretary  of  Agriculture,  under  au- 
thority of  law,  do  hereby  amend  said  rule  2,  revision  3,  to  prevent  the  spread  of  scabies 
in  cattle,  in  the  following  particulars,  to  wit : 

That  part  of  said  rule  which  specifies  the  quarantined  portion  of  the  State  of  Montana 
is  amended  to  read  as  follows : 

In  Montana  the  counties  of  Teton,  Chouteau,  and  Valley. 

That  part  of  said  rule  which  specifies  the  quarantined  portion  of  the  State  of  Nebraska 
is  amended  to  read  as  follows : 

In  Nebraska  the  counties  of  Sioux,  Scotts  Bluff,  Banner,  Kimball,  Cheyenne,  Boxbutte, 
Dawes,  Sheridan,  Deuel,  Perkins,  Keith,  McPherson,  Grant,  Cherry,  Hooker,  Thomas, 
Logan,  Lincoln,  Blaine,  Brown,  Keyapaha,  Rock,  Loup,  Garfield,  Wheeier,  Holt,  and 
Morrill. 

The  effect  of  this  order  is  to  release  from  quarantine  on  account  of  scabies  in  cattle 
the  county  of  Dawson,  in  the  State  of  Montana,  and  the  counties  of  Hayes,  Hitchcock, 
Chase,  and  Dundy,  In  the  State  of  Nebraska. 

Done  at  Washington  this  21st  day  of  July,  1910. 

Witness  my  hand  and  the  seal  of  the  Department  of  Agriculture. 

[SEAL.]  Willis  L.  Moorb^  Acting  Secretary  of  Agriculture. 


B.  A.  I.  Order  168. 

Bule  1,  Bevision  6. — To  Prevent  the  Spread  of  Splenetic  Fever  in  Cattle 
(effective  on  and  after  April  1,  1910). 

United  States  Department  of  Agricdltdrb, 

Office  of  the  Secretary. 

The  fact  has  been  determined  by  the  Secretary  of  Agriculture,  and  notice  is  hereby 
given,  that  a  contagious  and  infectious  disease  known  as  splenetic,  southern,  or  Texas 
fever  exists  among  cattle  in  the  following-named  States,  to  wit : 

California,  Oklahoma,  Texas,  Missouri,  Arkansas,  Locisl^a,  Mississippi,  Ten- 
nessee, Alabama,  Virginia,  North  Carolina,  South  Carolina,  Georgia,  and  Florida. 

Now,  therefore,  I,  James  Wilson,  Secretary  op  Agriculture,  under  authority  con- 
ferred by  section  1  of  the  act  of  Congress  approved  March  3,  1905  (33  Stat,  1264),  do 
hereby  quarantine  the  area  hereinafter  described,  and  do  order  by  this  rule  1,  revision  6, 
under  the  authority  and  discretion  conferred  on  the  Secretary  of  Agriculture  by  section 
3  of  the  act  of  Congress  approved  March  3,  1905  (33  Stat.,  1265),  that  the  Interstate 
movement  of  cattle  of  the  area  herein  quarantined  to  any  point  not  located  In  the  said 
quarantined  area  shall  be  made  only  in  accordance  with  the  regulations  of  the  Secretary 
of  Agriculture  designated  as  B.  A.  I.  Order  143,  promulgated  March  22,  1907,  and  effec- 
tive April  15,  1907,  and  amendments  thereto,  subject  only  to  the  exceptions  hereinafter 
contained. 

The  following  areas  are  quarantined  for  splenetic,  southern,  or  Texas  fever  in  cattle : 

CALIFORNIA. 

The  counties  of  San  Diego,  Orange,  Santa  Barbara  County  with  the  exception  of  the 
island  of  Santa  Rosa,  and  that  portion  of  San  Luis  Obispo  County  located  south  and 
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west  of  a  line  begtniilng  at  the  point  of  the  intersection  of  the  township  line  between 
township  32  south,  range  17  east,  and  township  82  sonth,  range  18  east,  with  the  Santa 
Maria  River  on  the  southern  boundary  of  the  county  of  San  Luis  Obispo,  and  extending 
northerly  on  said  township  line  between  township  82  south,  range  17  east,  and  township 
32  south,  range  18  east,  and  on  township  line  between  township  31  south,  range  17  east, 
and  township  31  south,  range  18  east,  to  its  intersection  with  the  summit  of  the  Santa 
Lucia  range  of  mountains;  thence  following  the  summit  of  the  Santa  Lucia  range  of 
mountains  northwesterly  to  its  intersection  with  the  northern  boundary  line  of  San  Lola 
Obispo  County. 

During  the  continuance  of  this  quarantine  no  cattle  of  the  area  hereinbefore  described 
shall  be  moved  or  allowed  to  move  except  as  provided  for  immediate  slaughter  to  any 
point  in  the  United  States  not  in  the  State  of  California  which  is  located  in  an  area 
not  quarantined  for  splenetic,  southern,  or  Texas  fever  unless  and  until  the  said  cattle 
shall  have  been  continuously  kept  on  premises  known  to  have  been  free  of  infection 
for  at  least  six  months  and  unless  and  until  the  cattle  shall  have  been  Inspected  and 
found  free  of  infection  and  a  certificate  authorizing  the  shipment  issued  by  an  in- 
spector of  the  Bureau  of  Animal  Industry,  nor  until  permission  shall  have  been 
obtained  in  advance  of  the  movement  from  the  proper  official  of  the  State  or  Territory 
into  which  the  cattle  are  to  be  shipped. 

TEXAS. 

The  entire  State  of  Texas  is  quarantined,  with  the  exception  of  the  counties  of  Dallam, 
Sherman,  Hansford,  Ochiltree,  Lipscomb,  Hartley,  Moore,  Hutchinson,  Roberts,  Hemp- 
hill, Oldham,  Potter,  Carson,  Gray,  Wheeler,  Deaf  Smith,  Randall,  Armstrong,  Donlej, 
Collingsworth,  Parmer,  Castro,  Swisher,  Briscoe,  Hall,  Childress,  Bailey,  Lamb,  Hale, 
Floyd,  Motley,  Cochran.  Hockley,  Lubbock,  Crosby,  Dickens,  Yoakum,  Terry,  Lynn« 
Garza,  Kent,  Gaines,  Dawson,  Andrews,  Martin,  El  Paso,  Jeff  Davis,  Presidio,  Brewster, 
Reeves,  Loving,  Winkler,  Ector,  Midland,  Ward,  Scurry,  Borden,  Glasscock,  Crane, 
Upton,  and  those  portions  of  the  counties  of  Pecos  and  Terrell  north  and  west  of  a  line 
beginning  at  the  southwest  comer  of  Terrell  County;  thence  in  a  northerly  direction 
to  the  northwest  comer  of  section  No.  63,  block  DIO,  Texas  Central  Railway  Co. ; 
thence  north  along  the  western  boundary  of  sections  Nos.  64,  65,  66,  67,  68,  69,  70. 
71,  and  72  of  said  block  DIO  to  the  northwest  comer  of  said  section  No.  72;  thence 
continuing  north  through  the  western  parts  of  sections  Nos.  36,  25,  24,  13,  12,  and  1, 
block  160,  Texas  &  St.  Louis  Railroad  Co.,  to  the  roadbed  of  the  Galveston,  Harris- 
burg  &  San  Antonio  Railroad  Co. ;  thence  southeasterly,  following  the  roadbed  of  the 
said  Galveston,  Harrisburg  &  San  Antonio  Railroad  Co.,  to  a  point  on  section  No.  36, 
Block  A2,  Galveston,  Harrisburg  &  San  Antonio  Railroad  Co. ;  thence  north  with  the 
pasture  fence  through  the  eastern  part  of  sections  Nos.  36,  13,  and  12  of  said  block 
A2,  and  across  section  No.  1,  Gulf,  Colorado  &  Santa  Fe  Railway  Co. ;  thence  continuing 
north  with  said  pasture  fence  through  the  eastern  part  of  sections  Nos.  16,  17,  46,  47, 
76,  77,  106,  107,  136,  137,  142,  143,  and  194,  block  D,  Missouri,  Kansas  &  Texas  Ex- 
tension Railway  Co. ;  thence  continuing  in  a  northerly  direction  to  a  point  on  the 
northern  boundary  of  section  No.  6,  block  160,  Gulf,  Colorado  &  Santa  Fe  Railway  Co.. 
same  being  corner  of  pasture  fence;  thence  east  along  the  northern  boundary  of  sections 
Nos.  6,  9,  10,  11,  12,  15,  and  16,  block  160,  Gulf,  Colorado  &  Santa  Fe  Railway  Co., 
to  the  northeast  corner  of  said  section  No.  16,  the  same  being  corner  of  pasture  fence; 
thence  In  a  northerly  direction  with  the  eastern  boundary  of  sections  Nos.  22,  21,  20, 
23,  24,  25,  26,  27,  28,  29,  30,  31,  and  32,  block  1.  Corpus  Christi,  San  Diego  k  Rio 
Grande  Narrow  Gauge  Railway  Co.,  to  the  northeast  comer  of  said  section  No.  32; 
thence  west  with  the  northern  boundary  of  sections  Nos.  32  and  33,  same  block, 
to  the  northwest  comer  of  section  No.  33,  block  1,  Corpus  Christi,  San  Diego  &  Rio 
Grande  Narrow  Gauge  Railway  Co.,  corner  of  fence;  thence  north  with  the  eastern 
boundary  of  sections  Nos.  1,  12,  13,  24,  25,  36,  37,  48,  49,  60,  61,  and  72,  block  2, 
Corpus  Christi,  San  Diego  &  Rio  Grande  Narrow  Gauge  Railway  Co.,  to  the  northeast 
comer  of  said  section  No.  72;  thence  in  an  easterly  direction  with  the  pasture  fence 
to  the  southeast  corner  of  section  No.  9,  patented  to  James  E.  Evans;  thence  north 
along  the  eastem  boundary  of  said  section  No.  9  to  the  northwest  corner  of  section  No. 
100,  block  A2,  Texas  Central  Railway  Co. ;  thence  east  with  the  northem  boundary  of 
sections  Nos.  100  and  89,  same  block,  to  the  northeast  corner  of  said  section  No.  89, 
block  A2,  Texas  Central  Railway  Co. ;  thence  north  along  the  eastern  boundary  of 
sections  Nos.  90,  91,  92,  and  93  to  the  southeast  corner  of  section  No.  94,  block  A2, 
Texas  Central  Railway  Co. ;  thence  northwest  diagonally  across  section  No.  94  to  the 
northwest  corner  of  said  section;  thence  continuing  in  a  northwesterly  direction 
diagonally  across  sections  Nos.  14,  18,  and  28  to  the  northeast  corner  of  section  No.  29, 
block  C4,  Gulf,  Colorado  &  Santa  Fe  Railway  Co. ;  thence  west  with  the  northem 
boundary  of  said  section  No.  29  to  the  northwest  corner  of  said  section;  thence. north- 
west diagonally  across  section  No.  1,  Texas  Central  Railway  Co.,  and  section  No.  97, 
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Uock  194,  Galf,  Colorado  &  Santa  Fe  Railway  Co.,  to  the  northeast  corner  of  section 
No.  96 ;  thence  In  a  northerly  direction  across  section  No.  94  to  a  point  on  its  northern 
boundary  600  yaras  west  of  its  northeast  comer;  thence  continuing  north  through 
sections  Nos.  93,  90,  89,  86,  85,  and  58,  block  194,  Gulf,  Colorado  &  Santa  Fe  Railway 
Co.,  to  a  point  on  the  northern  boundary  of  said  section  No.  58;  thence  northwesterly 
with  the  pasture  fence  through  section  No.  59  to  the  northeast  comer  of  section  No. 
82  and  the  southeast  corner  of  section  No.  81,  same  block;  thence  continuing  north- 
westerly to  section  No.  17,  Houston  &  Great  Northern  Railroad  Co. ;  thence  north  along 
the  eastern  boundary  of  said  section  No.  17  to  the  Pecos  River;  thence  northwesterly 
along  said  Pecos  River  to  the  northwest  comer  of  Crockett  County. 

During  the  continuance  of  this  quarantine  no  cattle  of  the  counties  of  Cottle,  King, 
Stonewall,  Fisher,  Jones,  Howard,  Mitchell,  Reagan,  or  of  those  portions  of  the  counties 
of  Hardeman,  Knox,  Foard,  and  Haskell  west  of  the  Kansas  City,  Mexico  &  Orient  Rail- 
way, shall  be  moved  or  allowed  to  move,  except  as  provided  for  immediate  slaughter,  to 
any  point  in  the  United  States  not  In  the  State  of  Texas  which  Is  located  in  an  area  not 
quarantined  for  splenetic,  southern,  or  Texas  fever  unless  and  until  the  said  cattle  shall 
liave  been  continuously  kept  on  premises  known  to  have  been  free  of  infection  for  at 
least  six  months,  and  unless  and  until  the  cattle  shall  have  been  Inspected  and  found 
free  of  infection  and  a  certificate  authorizing  the  shipment  Issued  by  an  inspector  of  the 
Bureau  of  Animal  Industry,  nor  until  permission  shall  have  been  obtained  in  advance  of 
the  movement  from  the  proper  official  of  the  State  or  Territory  into  which  the  cattle  are 
to  be  shipped.  Each  application  for  inspection  shall  be  duly  made  by  thfe  owner  or  the 
manager  of  the  cattle  on  blank  forms  furnished  by  the  department,  and  should  be  placed 
in  the  hands  of  the  Inspector  of  the  Bureau  of  Animal  Industry  in  charge  of  the  district 
not  less  than  10  days  in  advance  of  the  date  on  which  inspection  is  required.  Such 
applications  for  inspection  shall  be  accompanied  by  affidavits  when  required  by  the  said 
inspector. 

From  the  other  counties  and  portions  of  counties  in  that  part  of  Texas  which  is  quar- 
antined for  splenetic,  southem,  or  Texas  fever,  cattle  shall  only  be  moved  or  allowed  to 
move  interstate  to  points  outside  of  the  quarantined  area  in  accordance  with  the  regu- 
lations for  immediate  slaughter. 

OKLAHOMA. 

t 

The  entire  State  of  Oklahoma  is  quarantined,  except  the  counties  of  Cimarron,  Texas, 
Beaver,  Harper,  Woods,  Alfalfa,  Grant,  Woodward,  Major,  Garfield,  Ellis,  Dewey,  Blaine, 
Kingfisher,  Logan,  Roger  Mills,  Custer,  Beckham,  Washita,  Oklahoma,  Harmon,  Canadian, 
that  portion  of  Cleveland  County  north  of  the  line  between  townships  7  and  8  north,  that 
portion  of  Noble  County  not  Included  in  townships  22  and  23  north,  range  2  east,  and 
that  part  of  townships  22  and  23  north,  range  1  east,  which  is  east  of  the  Atchison, 
Topeka  &  Santa  Fe  Railway,  that  portion  of  Kay  County  west  of  tbe  Arkansas  River, 
that  portion  of  Caddo  County  north  of  the  Mangum  branch  of  the  Chicago,  Rock  Island 
&  Pacific  Railway,  those  portions  of  Greer  and  Jackson  Counties  west  of  the  Kansas  City, 
Mexico  &  Orient  Railway,  and  that  portion  of  Payne  County  west  and  north  of  a  line 
commencing  at  the  northeast  comer  of  township  20  north,  range  4  east,  Indian  meridian ; 
thence  south  to  line  between  townships  19  and  20  north;  thence  west  to  line  between 
ranges  3  and  4  east,  Indian  meridian ;  thence  south  to  line  between  townships  18  and  19 
north ;  thence  west  to  line  between  ranges  2  and  3  east,  Indian  meridian ;  thence  south  to 
line  between  townships  17  and  18  north ;  thence  west  to  line  between  ranges  1  and  2 
east,  Indian  meridian ;  thence  south  to  the  northwest  corner  of  Lincoln  County. 

During  the  continuance  of  this  quarantine  no  cattle  of  those  portions  of  Greer  and 
Jackson  Counties  east  of  the  Kansas  City,  Mexico,  &  Orient  Railway,  that  portion  of 
Cleveland  County  south  of  the  line  between  townships  7  and  8  north  and  west  of  the 
Indian  meridian,  that  portion  of  Caddo  County  south  of  the  Mangum  branch  of  the  Chi- 
cago, Rock  Island  &  Pacific  Railway,  and  that  portion  of  Lincoln  County  west  and  south 
of  a  line  beginning  at  the  intersection  of  the  Atchison,  Topeka  &  Santa  Fe  Railway  with 
the  southem  boundary  line  of  Lincoln  County ;  thence  following  said  railway  in  a  north- 
easterly direction  to  Its  intersection  with  the  Fort  Smith  &  Western  Railroad;  thence 
following  the  said  Fort  Smith  &  Western  Railroad  in  a  northwesterly  direction  to  its 
Intersection  with  the  Atchison,  Topeka  &  Santa  Fe  Railway ;  thence  westerly  following  the 
said  Atchison,  Topeka  &  Santa  Fe  Railway  to  its  intersection  with  the  western  boundary 
line  of  Lincoln  County,  shall  be  moved  or  allowed  to  move,  except  as  provided  for  im- 
mediate slaughter,  to  any  point  in  the  United  States  not  in  the  State  of  Oklahoma  which 
is  located  In  an  area  not  quarantined  for  splenetic,  southem,  or  Texas  fever  unless  and 
until  the  said  cattle  shall  have  been  continuously  kept  on  premises  known  to  have  been 
free  of  infection  for  at  least  six  months  and  unless  and  until  the  cattle  shall  have  been 
inspected  and  found  free  of  infection  and  a  certificate  authorizing  the  shipment  Issued 
by  an  inspector  of  the  Bureau  of  Animal  Industry,  nor  until  permission  shall  have  been 
obtained  in  advance  of  the  movement  from  the  proper  official  of  the  State  or  Territory 
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into  which  the  cattle  are  to  be  shipped.  Bach  application  for  inspection  shall  be  daly 
made  by  the  owner  or  the  manager  of  the  cattle  on  blank  forms  furnisl^ed  by  the  de- 
partment, and  should  be  placed  in  the  hands  of  the  inspector  of  the  Bureau  of  Animal 
Industry  in  charge  of  the  district  not  less  than  10  days  in  advance  of  the  date  on  which 
Inspection  is  required.  Such  applications  for  inspection  shall  be  accompanied  by  affidavits 
when  required  by  the  said  inspector. 

From  the  other  counties  and  portions  of  counties  in  that  part  of  Oklahoma  which  is 
quarantined  for  splenetic,  southern,  or  Texas  fever  cattle  shall  only  be  moved  or  allowed 
to  move  interstate  to  points  outside  of  the  quarantined  area  in  accordance  with  the  regu- 
lations for  immediate  slaughter. 

ifissoum. 

Ripley  County,  that  portion  of  Oregon  County  south  of  the  line  between  townships  22 
and  23  north,  that  portion  of  Newton  County  west  of  the  right  of  way  of  the  Kansas 
City  Southern  Railway,  and  that  portion  of  McDonald  County  west  of  the  right  of  way 
of  the  Kansas  City  Southern  Railway  are  quarantined. 

During  the  continuance  of  this  quarantine  no  cattle  of  those  portions  of  Oregon,  New- 
ton, and  McDonald  Counties  hereinbefore  described  shall  be  moved  or  allowed  to  move, 
except  as  provided  for  Immediate  slaughter,  to  any  point  in  the  United  States  not  in  the 
State  of  Missouri  which  is  located  in  an  area  not  quarantined  for  splenetic,  southern,  or 
Texas  fever  unless  and  until  the  said  cattle  shall  have  been  continuously  kept  on  premises 
known  to  have  been  free  of  infection  for  at  least  six  months  and  unless  and  until  the 
cattle  shall  have  been  inspected  and  found  free  of  Infection  and  a  certificate  authorizing 
the  shipment  issued  by  an  inspector  of  the  Bureau  of  Animal  Industry,  nor  until  permis- 
sion shall  have  been  obtained  in  advance  of  the  movement  from  the  proper  official  of  the 
State  or  Territory  into  which  the  cattle  are  to  be  shipped. 

From  Ripley  County  cattle  shall  only  be  moved  or  allowed  to  move  Interstate  to  points 
outside  of  the  quarantined  area  in  accordance  with  the  regulations  for  immediate 
slaughter. 

▲BKANSAS. 

The  entire  State  of  Arkansas  is  quarantined,  except  the  counties  of  Carroll,  Randolph, 
Clay,  Greene,  Lawrence,  Craighead,  Mississippi,  Poinsett,  Benton,  and  Washington. 

During  the  continuance  of  this  quarantine  no  cattle  of  that  portion  of  Fulton  County 
east  of  Spring  River,  or  that  portion  of  Sharp  County  north  of  Strawberry  River,  shall 
be  moved  or  allowed  to  move,  except  as  provided  for  immediate  slaughter,  to  any  point 
in  the  United  States  not  in  the  State  of  Arkansas  which  is  located  in  an  area  not  quar- 
antined for  splenetic,  southern,  or  Texas  fever,  unless  and  until  the  said  cattle  shall 
have  been  continuously  kept  on  premises  known  to  have  been  free  of  Infection  for  at 
least  six  months,  and  unless  and  until  the  cattle  shall  have  been  Inspected  and  found 
free  of  infection  and  a  certificate  authorizing  the  shipment  issued  by  an  inspector  of  the 
Bureau  of  Animal  Industry,  nor  until  permission  shall  have  been  obtained  In  advance 
of  the  movement  from  the  proper  official  of  the  State  or  Territory  Into  which  the  cattle 
are  to  be  shipped. 

From  the  other  counties  and  parts  of  counties  In  that  portion  of  the  State  of  Arkansas 
which  is  quarantined  for  splenetic,  southern,  or  Texas  fever,  cattle  shall  only  be  moved 
or  allowed  to  move  Interstate  to  points  outside  of  the  quarantined  area  In  accordance 
with  the  regulations  for  Immediate  slaughter. 

IflSSISSIPPI. 

The  entire  State  of  Mississippi  Is  quarantined,  e/^cept  the  counties  of  De  Soto,  Tate, 
and  Tunica. 

From  the  other  counties  In  that  part  of  the  State  of  Mississippi  which  Is  quarantined 
for  splenetic,  southern,  or  Texas  fever,  cattle  shall  only  be  moved  or  allowed  to  move 
interstate  to  points  outside  of  the  quarantined  area  In  accordance  with  the  regulations 
for  Immediate  slaughter. 

TENNESSEE. 

The  following-mentioned  counties  and  parts  of  counties  are  quarantined:  The  counties 
of  Hardeman,  McNairy,  Chester,  Henderson,  Decatur,  Hardin,  Wayne,  Lawrence,  Hamilton, 
Polk,  Overton,  that  portion  of  Madison  County  east  and  south  of  a  line  beginning  at  a 
point  on  the  southern  boundary  line  of  Madison  County  where  the  Illinois  Central  Rail- 
road Intersects  said  line,  thence  northerly  along  the  Illinois  Central  Railroad  to  the 
south  fork  of  Forked  Deer  River,  thence  easterly  along  said  river  to  the  mouth  of  War- 
lick  Creek,  thence  northerly  along  said  creek  to  its  intersection  with  the  Jackson  and 
Cotton  Grove  Road,  thence  northerly  along  said  road  and  the  Cotton  Grove  Road  and 
Spring  Creek  Road  to  Spring  Creek,  thence  northeasterly  along  the  Jackson  and  Spring 
Creek  Road  to  the  southern  boundary  of  Carroll  County ;  that  portion  of  Benton  County 
south  of  the  Louisville  &  Nashville  Railroad;  that  portion  of  Lincoln  County  south  of 
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Elk  River;  that  portion  of  Marlon  County  south  and  eaat  of  the  Tennessee  River;  and 
that  portion  of  Fentress  County  west  of  the  east  fork  of  Obey  River. 

During  the  continuance  of  this  quarantine  no  cattle  of  Overton  County,  or  that  por- 
tion of  Ffentress  County  hereinbefore  described,  shall  be  moved  or  allowed  to  move,  ex- 
cept as  provided  for  immediate  slaughter,  to  any  point  in  the  United  States  not  In  the 
State  of  Tennessee  which  is  located  in  an  area  not  quarantined  for  splenetic,  southern, 
or  Texas  fever  unless  and  until  the  said  cattle  shall  have  been  continuously  kept  on 
premises  known  to  have  been  free  ot  infection  for  at  least  six  months  and  unless  and 
until  the  cattle  shall  have  been  inspected  and  found  free  of  infection  and  a  certificate 
authorizing  the  shipment  issued  by  an  inspector  of  the  Bureau  of  Animal  Industry,  nor 
until  permission  shall  have  been  obtained  In  advance  of  the  movement  from  the  proper 
official  of  the  State  or  Territory  into  which  the  cattle  are  to  be  shipped. 

From  the  other  counties  and  portions  of  counties  in  that  part  of  the  State  of  Tennessee 
which  is  quarantined  for  splenetic,  southern,  or  Texas  fever,  cattle  shall  only  be  moved 
or  allowed  to  move  interstate  to  points  outside  of  the  quarantined  area  in  accordance 
with  the  regulations  for  immediate  slaughter. 


The  entire  State  of  Georgia  is  quarantined  except  the  counties  of  Union,  Towns, 
Rabun,  White,  Habersham,  and  Stephens. 

From  the  other  counties  in  that  part  of  the  State  of  Georgia  which  is  quarantined  for 
splenetic,  southern,  or  Texas  fever,  cattle  shall  only  be  moved  or  allowed  to  move  inter- 
state to  points  outside  of  the  quarantined  area  in  accordance  with  the  regulations  for 
immediate  slaughter. 

SOUTH    CAROLINA. 

The  entire  State  of  South  Carolina  is  quarantined  except  the  counties  of  Oconee, 
Pickens,  Greenville,  and  Anderson. 

From  the  other  counties  In  the  State  of  South  Carolina  cattle  shall  only  be  moved  or 
allowed  to  move  interstate  to  points  outside  of  the  quarantined  area  in  accordance  with 
the  regulations  for  immediate  slaughter. 

NORTH    CAROLINA. 

The  counties  of  Franklin,  Wake,  Chatham,  Randolph,  Stanly,  Montgomery,  Moore, 
Lee,  Harnett,  Johnston,  Wilson,  Nash,  Halifax,  Northampton,  Hertford,  Bertie,  Gates, 
Chowan,  Perquimans,  Pasquotank,  Camden,  Currituck,  Edgecomb,  Martin,  Washington, 
Tyrrell,  Dare,  Hyde,  Beaufort,  Pitt,  Wayne,  Sampson,  Cumberland,  Richmond,  Scotland, 
Robeson,  Bladen,  Greene,  Lenoir,  Craven,  Pamlico,  Carteret,  Jones,  Duplin,  Onslow, 
Pender,  Columbus,  Brunswick,  and  New  Hanover  are  quarantined. 

From  the  counties  above  mentioned  cattle  shall  only  be  moved  or  allowed  to  move 
Interstate  to  points  outside  of  the  quarantined  area  in  accordance  with  the  regulations 
for  Immediate  slaughter. 

VIRGINIA. 

The  counties  of  Fluvanna,  Chesterfield,  Greenesville,  Sussex,  Surry,  Southampton,  Isle 
of  Wight,  Nansemond,  and  that  part  of  Warwick  County  not  included  In  the  Newport 
News  magisterial  district,  and  that  part  of  York  County  not  included  in  the  Bruton 
magisterial  district,  are  quarantined. 

From  the  counties  and  parts  of  counties  above  mentioned  cattle  shall  only  be  moved 
or  allowed  to  move  Interstate  to  points  outside  of  the  quarantined  area  in  accordance 
with  the  regulations  for  immediate  slaughter. 

LOUISIANA. 

The  entire  State  of  Louisiana  is  quarantined. 

During  the  continuance  of  this  quarantine  no  cattle  of  the  parishes  of  Lincoln  and 
Claiborne  shall  be  moved  or  allowed  to  move,  except  as  provided  for  immediate  slaughter, 
to  any  pol^it  in  the  United  States  not  In  the  State  of  Louisiana  which  is  located  in  an 
area  not  quarantined  for  splenetic,  southern,  or  Texas  fever,  unless  "and  until  the  said 
cattle  shall  have  been  continuously  kept  on  premises  known  to  have  been  free  of  infec- 
tion for  at  least  six  months  and  unless  and  until  the  cattle  shall  have  been  inspected 
and  found  free  of  infection  and  a  certificate  authorizing  the  shipment  issued  by  an  in- 
spector of  the  Bureau  of  Animal  Industry,  nor  until  permission  shall  have  been  obtained 
in  advance  of  the  movement  from  the  proper  official  of  the  State  or  Territory  Into  whicb 
the  cattle  are  to  be  shipped. 

From  the  other  parishes  in  the  State  of  Louisiana  cattle  shall  only  be  moved  or 
allowed  to  move  Interstate  to  points  outside  of  the  quarantined  area  in  accordance  with 
the  regulations  for  immediate  slaughter. 
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ALABAMA^    FLORIDA. 

The  entire  States  of  Alabama  and  Florida  are  quarantined. 

From  the  above-mentioned  States  cattle  shall  only  be  moved  or  allowed  to  move  to 
points  outside  of  the  quarantined  area  in  accordance  with  the  regulations  for  immediate 
slaughter. 

GBNBRAL    PBOVI8IONS. 

During  the  continuance  of  the  quarantine  as  herein  established  no  cattle  of  the 
quarantined  area  of  any  State  (except  those  portions  from  which  cattle  may  be  moved 
upon  inspection)  shall  be  moved  or  allowed  to  move  to  any  portion  of  the  quarantined 
area  of  another  State  from  which,  under  the  specific  provisions  of  this  rule,  cattle 
are  allowed  to  be  shipped  for  purposes  other  than  immediate  slaughter  upon  inspection 
and  certification  by  an  inspector  of  the  Bureau  of  Animal  Industry. 

OPBN    SEASON. 

During  the  months  of  January,  November,  and  December  of  each  year  cattle  of  the 
quarantined  area  of  any  State  may  be  moved  interstate  therefrom  for  purposes  other 
than  immediate  slaughter  into  the  State  of  Kansas,  the  Territories  of  Arizona  and  New 
Mexico,  those  portions  of  the  States  of  California  and  Texas  not  included  in  the 
quarantined  area,  and  that  portion  of  the  State  of  Missouri  south  of  the  Missouri  River 
if  the  said  cattle  shall  have  been  continuously  kept  on  premises  known  to  have  been 
free  of  infection  for  at  least  six  months  and  shall  first  have  been  inspected  under  proper 
facilities  for  inspection  at  the  point  of  origin  and  found  free  of  Infection  and  a  certi- 
ficate authorizing  the  movement  Issued  by  an  inspector  of  the  Bureau  of  Animal  Industry, 
and  if  permission  shall  first  have  been  obtained  from  the  proper  official  of  the  State 
or  Territory  to  which  the  cattle  are  destined. 

During  the  period  from  November  15  of  each  year  to  January  31  of  the  following 
year  cattle  of  the  quarantined  area  of  any  State  may  be  moved  interstate  therefrom 
for  puriKtses  other  than  immediate  slaughter  under  the  above-mentioned  restrictions 
Into  that  portion  of  the  State  of  Arkansas  not  included  in  the  quarantined  area. 

During  the  months  of  January  and  February,  the  first  15  days  of  March,  and  the  last 
16  days  of  December  in  each  year  cattle  of  the  quarantined  area  of  any  State  may  be 
moved  interstate  therefrom  for  purposes  other  than  immediate  slaughter  under  the  above- 
mentioned  restrictions  into  those  portions  of  the  States  of  Virginia,  North  Carolina,  and 
South  Carolina  not  included  in  the  quarantined  area. 

During  the  month  of  January  and  the  last  17  days  of  December  in  each  year  ^ttle 
of  the  quarantined  area  of  any  State  may  be  moved  interstate  therefrom  for  purposes 
other  than  immediate  slaughter  under  the  above-mentioned  restrictions  into  that  portion 
of  the  State  of  Oklahoma  not  included  in  the  quarantined  area. 

Cattle  of  the  quarantined  area  that  have  been  shipped  interstate  during  the  months  of 
January,  November,  and  December  of  each  year  to  any  State  or  Territory  outside  of  the 
quarantined  area  other  than  those  States  or  Territories  and  portions  thereof  set  out  herein 
shall  not  be  moved  into  any  of  the  States  or  Territories  or  portions  thereof  hereinbefore 
mentioned  within  three  months  of  the  date  of  the  movement  from  the  quarantined  area. 

Cattle  which  are  moved  interstate  from  the  quarantined  area  of  any  State  into  those 
States  or  Territories  or  portions  thereof  hereinbefore  mentioned,  under  certificates  from 
inspectors  of  the  Bureau  of  Animal  Industry,  for  feeding  or  stocking  purposes,  shall, 
when  shipped,  be  transported  In  cleaned  and  disinfected  cars  or  boats,  and  shall  not  be 
placed  In  stock  pens  which  have  been  reserved  for  cattle  originating  in  the  quarantined 
area. 

FBEDINQ  STATIONS  FOB  NONINFBCTBD  CATTLR 

Cattle  not  of  the  quarantined  area  which  are  transported  interstate  by  rail  through 
the  quarantined  area  may  be  unloaded  therein  for  rest,  feed,  and  water  into  properly 
equipped  noninfectious  pens  set  apart  for  such  cattle  at  the  Fort  Worth  stock  yards,  at 
Fort  Worth,  Tex. ;  the  stock  yards  of  the  Missouri,  Kansas  &  Texas  Railway  at  Hodge 
and  Denlson,  Tex. ;  the  stock  yards  of  the  International  &  Great  Northern  Railroad  at 
Laredo,  Tex. ;  the  stock  yards  of  the  St.  Louis  &  San  Francisco  Railroad  at  Sapulpa, 
Okla. ;  the  stock  yards  of  the  Missouri,  Kansas  &  Texas  Railway  at  Muskogee,  Okla. ;  the 
stock  yards  of  the  Kansas  City,  Mexico  &  Orient  Railway  at  Altus,  Okla.;  and  at  such 
other  points  as  may  from  time  to  time  be  authorized  by  the  Secretary  of  Agriculture,  pro- 
vided such  pens  and  the  platforms,  chutes,  and  alleyways  leading  thereto  have  been 
cleaned  and  disinfected  under  the  supervision  of  an  employee  of  the  Bureau  of  Animal 
Industry  and  are  constructed  and  maintained  in  accordance  with  the  specifications  set 
out  in  the  regulations  of  the  Secretary  of  Agriculture  to  prevent  the  spread  of  splenetic 
fever  in  cattle. 

All  cattle  handled  in  such  noninfectious  pens  shall  be  free  from  ticks  iMargaropu9 
annulatus)  and  shall  not  have  been  unloaded  at  any  point  in  the  quarantined  area  other 
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than  the  designated  nnloadlng  points  named  herein  or  hereafter  anthoriseed  hy  the 
Secretary  of  .Agriculture,  and  they  shall  be  reloaded  into  the  same  cars  from  which  un- 
loaded or  into  other  cars  which  have  been  cleaned,  washed,  and  disinfected,  as  required 
by  B.  A.  I.  Order  143  and  amendments  thereto,  immediately  before  loading  therein,  and 
reshipped  as  uninfected  cattle. 

ABSBNICAL  8OLCTI0X. 

In  accordance  with  the  provisions  of  regulation  17  of  the  Regrulations  of  the  Secretary 
of  Agriculture  goyerning  the  inspection,  disinfection,  certification,  treatment,  handling, 
and  method  and  manner  of  delivery  and  shipment  of  live  stock  which  is  the  subject 
of  interstate  commerce,  cattle  of  the  area  quarantined  on  account  of  Texas  or  splenetic 
fever  or  other  cattle  infested  with  or  exposed  to  ticks  (Margaropus  annuUUu9)  may  be 
dipped,  under  the  supervision  of  an  inspector  of  the  Bureau  of  Animal  Industry,  In 
the  standard  arsenical  solution,  and  when  properly  certified  by  said  inspector  to  be 
free  of  infection  may  be  shipped  interstate  for  purposes  other  than  immediate  slaughter, 
subject  only  to  such  restrictions  as  may  be  Imposed  by  the  authorities  at  destination: 
Provided,  That  such  cattle  shall  be  dipped  twice,  with  an  interval  of  from  7  to  10  days 
between  the  first  and  second  dippings;  that  the  cattle  shall  be  considered  infectious 
and  shall  be  handled  as  such  during  the  interval  between  dippings ;  that  the  cattle  shall 
not  be  exposed  to  Infection  after  the  second  dipping;  and  that  the  facilities  for  pre- 
paring the  dip  and  dipping  the  cattle  shall  first  have  been  approved  by  the  Chief  of  the 
Bureau  of  Animal  Industry. 

In  preparing  each  500  gallons  of  the  standard  arsenical  solution  there  shall  be  used 
10  pounds  of  finely  powdered  white  arsenic  containing  not  less  than  09  per  cent  of 
arsenic  trioxid,  25  pounds  of  sal  soda,  and  1  gallon  of  pine  tar.  The  arsenic  and  sal 
soda  shall  be  boiled  together  in  not  less  than  25  gallons  of  water  for  15  minutes,  or 
longer  if  necessary  to  effect  complete  solution  of  the  arsenic.  Before  the  pine  tar  is 
added  the  temperature  of  the  solution  shall  be  reduced  to  140"*  F.  This  may  be  done 
by  the  addition  of  cold  water.  The  pine  tar  shall  then  be  added  in  a  small  stream  while 
the  solution  is  thoroughly  stirred,  after  which  the  solution  shall  be  immediately  diluted 
with  clear  water  sufl!clent  to  make  500  gallons  of  dip. 

I NTBBPRBTATION. 

This  rule  1,  revision  6,  shall  be  construed  in  connection  with  the  regulations  of  the 
Secretary  of  Agriculture  promulgated  March  22,  1907,  and  effective  on  and  after  April 
15,  1907,  and  amendments  thereto,  and  Is  subject  to  amendment  or  revision  on  statutory 
notice. 

Rule  1,  revision  5,  dated  December  2,  1909,  effective  December  6,  1909,  shall  cease  to 
be  effective  on  and  after  April  1,  1910,  on  and  after  which  date  this  rule  1,  revision  6, 
which  for  purposes  of  identification  is  designated  as  B.  A.  I.  Order  168,  shall  become 
and  be  effective  until  otherwise  ordered. 

TJte  effect  of  this  order  i$  aa  foUoioa: 

In  California  the  counties  of  Fresno,  Tulare,  Ventura,  Los  Angeles,  San  Bernardino, 
Riverside,  and  a  portion  of  San  Luis  Obispo  County  are  released  from  quarantine. 

In  Texas  the  counties  of  Borden,  Glasscock,  Upton,  Crane,  and  portions  of  the  counties 
of  Pecos  and  Terrell  are  released  from  quarantine.  Privilege  for  movement  on  Inspec- 
tion from  the  counties  of  Wilbarger,  Baylor,  and  portions  of  the  counties  of  Hardeman, 
Foard,  Knox,  and  Haskell  is  revoked. 

In  Oklahoma  portions  of  the  counties  of  Noble,  Payne,  Cleveland,  and  Jackson  are 
released  from  quarantine.  Privilege  for  movement  on  Inspection  is  provided  for  portions 
of  the  counties  of  Lincoln,  Cleveland,  Caddo,  and  Jackson,  and  revoked  from  a  portion 
of  Kay  County. 

In  Arkansas  the  counties  of  Benton  and  Washington  are  released  from  quarantine. 

In  MisBissippi  the  counties  of  De  Soto,  Tate,  and  Tunica  are  released  from  quarantine. 

In  Tennessee  the  counties  of  Bradley  and  James  are  released  from  quarantine. 

In  Georgia  the  counties  of  White,  Habersham,  and  Stephens  are  r^eased  from 
quarantine. 

In  Virginia  Brunswick  County  is  released  from  quarantine. 

Arsenical  solution  is  officially  recognized  for  dipping  southern  cattle. 

Done  at  Washington  this  12th  day  of  March,  1910. 

Witness  my  hand  and  the  seal  of  the  Department  of  Agriculture. 

[SBAL.]  Jambs  Wilson,  Secretary  of  Aoriculture, 
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Ambndmbnt  1  to  B.  a.  I.  Obdbb  168. 

Amendment  1  to  Bule  1,  Bevision  6. — ^To  Prevent  the  Spread  of  Splenetic 
Fever  in  Cattle.  Amendment  Begarding  the  Betum  of  Cattle  of  the 
Nonqoarantined  Area  that  are  Exhibited  at  the  North  Carolina  State 
Fair  at  Baleigh,  N.  C,  October  17  to  22,  1910. 

United  States  Department  of  Agbiculture, 

OrriCE  OF  THE  Secretabt. 

It  is  ordered  that  that  portion  of  rule  1,  reylsion  6,  to  preyent  the  spread  of  splenetic 
fever  In  cattle,  effective  on  and  after  April  1,  1910,  which  relates  to  the  quarantine 
in  the  State  of  North  Carolina,  is  hereby  modified  to  permit  the  Interstate  shipment 
to  points  outside  the  quarantined  area  as  uninfected  cattle,  of  cattle  of  the  nonquaran- 
tined  area  that  are  exhibited  at  the  North  Carolina  State  Fair,  to  be  held  at  Raleigh, 
N.  C,  October  17  to  22,  1910,  subject  to  the  following  restrictions : 

(a)  Such  cattle  shall  be  shipped  by  rail  to  Raleigh  and  shall  not  be  unloaded  in  the 
quarantined  area  elsewhere  than  at  Raleigh. 

(&)  Separate  cleaned  and  disinfected  chutes  and  other  facilities  shall  be  provided  for 
the  exclusive  unloading  and  loading  of  such  cattle  at  Raleigh. 

(c)  Such  cattle  shall  be  hauled  In  clean  and  disinfected  wagons  direct  from  the  cars 
in  which  they  arrive  at  Raleigh  to  the  fair  grounds,  and  from  the  fair  grounds  direct 
to  the  cars  In  which  they  are  to  be  reshipped. 

(d)  That  portion  of  the  fair  grounds  and  other  premises  to  be  occupied  by  such 
cattle  shall  have  been  inaccessible  to  other  cattle  for  at  least  six  months  previous  to  the 
date  of  the  opening  of  the  fair. 

(e)  The  hay,  straw,  or  similar  material  required  for  feed  and  bedding  by  such  cattle 
during  the  time  they  are  within  the  quarantined  area  shall  be  shipped  In  cleaned  and 
disinfected  caps  from  points  outside  of  the  quarantined  area  and  so  handled  at  Raleigh 
that  it  may  not  become  Infectious. 

if)  Such  cattle  shall  not  be  returned  from  Raleigh  to  points  outside  of  the  quaran- 
tined area  except  In  cleaned  and  disinfected  cars,  nor  unless  accompanied  by  a  certificate 
issued  by  an  inspector  of  the  Bureau  of  Animal  Industry,  showing  that  such  cattle 
have  had  no  opportunity  to  become  infected  with  the  cattle  tick  {Margaropus  annuUtiu8). 

Done  at  Washington  this  3d  day  of  September,  1910. 

Witness  my  hand  and  the  seal  of  the  Department  of  Agriculture. 

[SEAL.]  W.  M.  Hays,  Acting  Secretary  of  Agriculture. 


Amendment  2  to  B.  A.  I.  Order  168. 

Amendment  2  to  Bule  1,  Bevision  6. — To  Prevent  the  Spread  of  Splenetic 
Fever  in  Cattle.  Amendment  Begarding  the  Betum  of  Cattle  of  the 
Nonquarantined  Area  that  are  Exhibited  at  the  Arkansas  State  Fair  at 
Hot  Springs,  Ark.,  October  10  to  15,  1910. 

United  States  Department  of  Agriculture, 

Office  of  the  Secretary. 
It  is  ordered  that  that  portion  of  rule  1,  revision  6,  to  prevent  the  spread  of  splenetic 
fever  in  cattle,  effective  on  and  after  April  1,  1910,  which  relates  to  the  quarantine  In 
the  State  of  Arkansas,  is  herehy  modified  to  permit  the  interstate  shipment  to  points 
outside  the  quarantined  area  as  uninfected  cattle,  of  cattle  of  the  nonquarantined  area 
that  are  exhibited  at  the  Arkansas  State  Fair,  to  be  held  at  Hot  Springs,  Ark.,  October 
10  to  15,  1910,  subject  to  the  following  restrictions : 

(a)  Such  cattle  shall  be  shipped  by  rail  to  Hot  Springs  and  shall  not  be  unloaded  in 
the  quarantined  area  elsewhere  than  at  Hot  Springs. 

(b)  Separate  cleaned  and  disinfected  chutes  and  other  facilities  shall  be  provided  for 
the  exclusive  unloading  and  loading  of  such  cattle  at  Hot  Springs. 

(c)  Such  cattle  shall  be  hauled  in  clean  and  disinfected  wagons  direct  from  the  cars 
in  which  they  arrive  at  Hot  Springs  to  the  fair  grounds,  and  from  the  fair  grounds 
direct  to  the  cars  in  which  they  are  to  be  reshipped. 

(d)  That  portion  of  the  fair  grounds  and  other  premises  to  be  occupied  by  such  cattle 
shall  have  been  inaccessible  to  other  cattle  for  at  least  six  months  previous  to  the  date 
of  the  opening  of  the  fair. 

(e)  The  hay,  straw,  or  similar  material  required  for  feed  and  bedding  by  such  cattle 
during  the  time  they  are  within  the  quarantined  area  shall  be  shipped  in  cleaned  and 
disinfected  cars  from  points  outside  of  the  quarantined  area  and  so  handled  at  Hot 
Springs  that  it  may  not  become  infectious. 
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(f)  Such  cattle  shall  not  be  returned  from  Hot  Springs  to  points  outside  of  the  quar- 
antined area  except  in  cleaned  and  disinfected  cars,  nor  unless  accompanied  by  a  cer- 
tificate issued  by  an  inspector  of  the  Bureau  of  Animal  Industry,  showing  that  such 
cattle  have  had  no  opportunity  to  become  Infected  with  the  cattle  tick  {Margaropu9 
annulattu). 

Done  at  Washington  this  12th  day  of  September,  1910. 

Witness  my  hand  and  the  seal  of  the  Department  of  Agriculture. 

[SEAL.]  James  Wilson,  Becretary  of  Agriculture, 


B.  A.  I.  Obdijb  169. 

Bule  8,   Bevision  2. — To  Prevent  the  Spread  of  Lip-and-Leg  Ulceration 
(Necrobacillosis)  in  Sheep  (effective  on  and  after  August  1,  1910). 

United  States  Department  op  Agbicultube, 

Office  of  the  Sbcbetabt. 

The  fact  has  been  determined  by  the  Acting  Secretary  of  Agriculture,  and  notice  Is 
hereby  given,  that  a  contagious,  communicable  disease  known  as  Ilp-and-leg  ulceration 
(necrohacUloais)  exists  among  sheep  in  the  State  of  Wyoming. 

Now,  therefore,  I,  Willis  L.  Moore,  Acting  Sbcbbtary  of  Aqricultdrb,  under  author- 
ity conferred  by  section  1  of  the  act  of  Congress  approved  March  3,  1905  (33  Stat,  1264), 
do  hereby  quarantine  the  following  area,  to  wit : 

All  territory  in  the  State  of  Wyoming  situate  within  the  boundaries  of  the  counties 
of  Bighorn,  Johnson,  Sheridan,  Weston,  Crook,  Converse,  and  Natrona ;  and  that  part  of 
Laramie  County  lying  north  of  the  North  Platte  River. 

During  the  existence  of  this  quarantine  the  interstate  transportation,  movement,  trail- 
ing, or  driving  of  sheep,  except  as  hereinafter  provided,  from  the  said  area  herein  quar- 
antined Is  hereby  prohibited. 

Owing  to  the  differences  In  the  manifestations  of  this  disease,  the  classification  of 
affected  and  exposed  sheep  will  be  designated  as  follows : 

1.  Exposed  sheep. — (a)  Sheep  which  are  affected  with  the  mild  or  Inactive  form  of 
llp-and-leg  ulceration,  where  only  one  portion  of  the  body  Is  Involved  without  evidence  of 
suppuration,  shall  be  classed  as  exposed  sheep  after  they  have  been  hand  treated  under 
the  supervision  or  direction  of  an  employee  of  the  Bureau  of  Animal  Industry  with  an 
emollient  dressing  containing  5  parts  of  one  of  the  permitted  cresol  or  coal-tar  sheep 
dips,  10  parts  flowers  of  sulphur,  and  100  parts  of  mutton  tallow,  vaseline,  or  lard, 
and  may  be  shipped  Interstate  when  accompanied  by  a  certificate  of  Inspection  and 
treatment  issued  by  an  Inspector  of  the  Bureau  of  Animal  Industry,  subject  to  the  laws 
and  regulations  of  the  State  or  Territory  to  which  they  are  destined. 

(b)  Shoep  that  are  not  infected  with  llp-and-leg  ulceration  but  which  have  been  ex- 
posed to  sheep  showing  the  disease  In  the  malignant  form,  or  to  the  contagion  of  the 
disease  In  the  malignant  form  through  infected  corrals,  pens,  and  chutes  used  by  sheep 
so  affected  with  the  disease,  may  be  shipped  interstate  In  cars  placarded  as  hereinafter 
provided  to  a  recognized  slaughtering  center  for  Immediate  slaughter,  without  dipping, 
or  they  may  be  moved  Interstate  for  breeding  or  feeding  purposes  under  the  conditions 
hereinafter  provided  for  such  sheep. 

(r)  Breeders. — Sheep  that  are  not  visibly  diseased  with  llp-and-leg  ulceration  but 
which  are  part  of  a  band  of  diseased  sheep  may  be  moved  Interstate  from  the  quarantined 
area  or  from  public  stock  yards  for  breeding  purposes,  provided  they  are  held  seven  days 
for  a  second  inspection  before  such  Interstate  movement,  and  further  provided  that  if, 
upon  such  second  inspection,  disease  Is  found,  the  animals  apparently  free  shall  be  segre- 
gated and  properly  dipped  before  their  interstate  movement  Is  permitted. 

(d)  Feeders. — Sheep  that  are  not  diseased  with  llp-and-leg  ulceration  but  which  are  part 
of  a  band  of  diseased  sheep,  or  sheep  slightly  diseased  after  the  hand  treatment  described 
in  paragraph  (a),  or  sheep  that  have  been  exposed  to  the  disease  through  Infected  corrals, 
pens,  or  chutes  used  by  diseased  sheep,  may,  without  dipping,  be  moved  Interstate  from 
the  quarantined  area  or  from  public  stock  yards  for  feeding  or  grazing  in  fenced  In- 
closures,  provided  permission  shall  have  been  obtained  in  advance  of  the  movement  from 
the  proper  official  of  the  State  or  Territory  into  which  the  sheep  are  to  be  shipped.  If 
the  permission  of  such  State  or  Territorial  official  Is  not  obtained  the  sheep  shall,  before 
being  moved  interstate,  be  dipped  as  hereinafter  provided  for  sheep  exposed  to  disease 
through  Infected  corrals,  pens,  or  chutes. 

2.  Diseased  sheep. — Sheep  affected  with  llp-and-leg  ulceration  which  show  the  disease 
in  more  than  one  tissue  and  show  pus  formation  to  a  greater  extent  than  indicated  for 
exposed  sheep  shall  be  classed  as  diseased  sheep,  and  shall  under  no  condition  be  moved 
interstate  from  the  quarantined  area. 
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8.  Healthy  sheep. — Sheep  that  are  not  affected  with  lip-and-leg  nlceration  nor  ezpoaed 
to  sheep  showing  lesions  of  more  than  one  tissue  accompanied  by  pns  formation  may  be 
moved  interstate  when  accompanied  by  a  certificate  of  inspection  from  an  inspector  of  the 
Bureau  of  Animal  Industry. 

4.  Dipping. — When  it  Is  desired  to  dip  sheep  for  interstate  movement  as  hereinbefore 
provided,  the  dipping  shall  be  done  under  the  supervision  of  an  employee  of  the  Bureau 
of  Animal  Industry  and  in  one  of  the  creaoi  or  coal-tar  creosote  dips  permitted  by  the 
Department  of  Agriculture  in  the  ofllcial  dipping  of  sheep  for  scabies,  provided  the  dip  is 
used  at  a  strength  specified  for  use  in  the  dipping  of  sheep  for  scabies.  The  dipping 
fluid  shall  be  thoroughly  mixed  before  flowing  into  the  vat  and  also  before  the  sheep  are 
placed  therein.  The  dip  shall  be  maintained  at  a  temperature  of  from  86**  to  95*  F., 
and  the  sheep  shall  be  retained  therein  about  one  mlunte.  The  dipping  shall  be  done 
carefully  and  the  sheep  handled  as  humanely  as  possible.  The  department  disclaims  re- 
sponsibility for  any  loss  or  damage  resulting  from  the  dipping. 

5.  Placarding  cars. — When,  as  hereinbefore  provided,  exposed  sheep  or  sheep  of  diseased 
bands  are  shipped  interstate  without  dipping,  for  immediate  slaughter,  the  proper  ofllcers 
of  the  transportation  company  shall  affix  to  both  sides  of  each  car  a  durable  placard  not 
less  than  6i  by  10  Inches  in  size,  on  which  shall  be  printed  with  permanent  black  ink  in 
boldface  letters  not  less  than  li  Inches  in  height  the  words  *'  SHEEP  FOR  SLAUGHTER 
EXPOSED  TO  LIP-AND-LEG  ULCERATION."  These  placards  shall  also  show  the  name 
of  the  place  from  which  the  shipment  was  made,  the  date  of  the  shipment  (which  must 
correspond  with  the  date  of  the  waybills  and  other  papers),  the  name  of  the  transporta- 
tion company,  and  the  name  of  the  place  of  destination.  Each  of  the  waybills,  con- 
ductors' manifests,  memoranda,  and  bills  of  lading  pertaining  to  such  shipments  by  cars 
or  boats  shall  have  the  words  '*  EXPOSED  TO  LIP-AND-LEG  ULCERATION "  plainly 
written  or  stamped  on  its  face. 

Whenever  such  shipments  are  transferred  to  another  transportation  company  or  into 
other  cars  or  Into  other  boats,  or  are  rebllled  or  reconsigned  to  a  point  other  than  the 
original  destination,  the  cars  into  which  said  sheep  are  transferred  and  the  new  waybills, 
conductors'  manifests,  memoranda,  and  bills  of  lading  covering  such  shipments  by  cars 
or  boats  shall  be  marked  as  herein  specified  for  cars  first  carrying  said  sheep  and  for 
the  billing,  etc.,  covering  the  same.  If  for  any  reason  the  placards  herein  required  are 
removed  from  the  car  or  are  destroyed  or  rendered  illegible,  they  shall  be  immediately 
replaced  by  the  transportation  company  or  its  agents,  the  intention  being  that  legible 
placards  shall  be  maintained  on  the  cars  from  the  time  of  shipment  until  they  arrive  at 
destination  and  the  disposition  of  the  cars  is  Indicated  by  an  inspector  of  the  Bureau^of 
Animal  Industry. 

6.  Disinfection. — All  public  stock  yards,  feeding  stations  and  approaches,  chutes,  alleys, 
and  pens  thereof  which  have  contained  diseased  animals  shall,  before  healthy  or  non- 
exposed  animals  for  interstate  transportation  are  placed  therein,  be  cleaned  and  disin- 
fected as  hereinafter  provided.  Failure  to  clean  and  disinfect  said  places  will  subject 
them  to  quarantine. 

Cars  and  other  vehicles,  yards,  pens,  sheds,  chutes,  alleys,  etc.,  that  have  contained 
diseased  sheep  shall  be  cleaned  and  disinfected  in  the  following  manner :  Remove  all  litter 
and  manure  from  all  portions  of  the  cars.  Including  the  ledges  and  framework  outside, 
and  from  the  posts,  floors,  and  fences  of  yards,  pens,  sheds,  chutes,  alleys,  etc.,  and  empty 
all  troughs,  racks,  or  other  feeding  or  watering  facilities ;  then  saturate  the  entire  interior 
surface  of  the  cars.  Including  the  Inner  surface  of  the  car  doors,  or  the  entire  surface  of 
the  fences,  posts,  floors,  troughs,  and  racks  of  the  yards,  pens,  sheds,  chutes,  alleys,  etc, 
with  a  5  per  cent  solution  of  pure  carbolic  acid,  or  with  a  8  per  cent  solution  of  liquor 
cresolls  composltus,  U.  S.  P. 

7.  All  sheep  originating  in  any  State  or  Territory  and  which  are  unloaded  at  stock- 
yards where  Federal  Inspection  Is  maintained  will  be  inspected  and  handled  in  accordance 
with  the  regulations  contained  In  this  order  before  being  permitted  to  move  interstate. 

The  effect  of  this  order  is  to  release  from  quarantine  that  territory  now  designated 
as  Park  County,  formerly  a  portion  of  Bighorn  County;  that  part  of  Fremont  County 
north  of  the  Sweetwater  River ;  that  part  of  Albany  County  north  of  the  sixth  standard 
parallel  north ;  and  that  part  of  Laramie  County  lying  north  of  the  sixth  standard 
parallel  north  and  south  of  the  North  Platte  River.  In  addition  it  revokes  B.  A.  I. 
Order  165,  and  generally  outlines  the  manner  In  which  sheep  may  be  moved  interstate 
from  the  area  herein  quarantined  and  from  stockyards  where  Federal  Inspection  is 
maintained. 

This  rule  S,  revision  2,  which  for  the  purpose  of  Identiflcation  Is  designated  as 
B.  A.  I.  Order  169,  will  become  and  be  effective  on  and  after  August  1,  1910,  and  to 
subject  to  amendment  or  revision  on  statutory  notice. 
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Rule  8,  revision  1,  dated  November   13,   1909,  and  effective  on  and  after  November 
22,  1909,  is  hereby  revoked. 

Done  at  Washingrton  this  22d  day  of  July.  1910. 

Witness  my  hand  and  the  seal  of  the  Department  of  Agriculture. 

[SEAL.]  Willis  L.  Moore,  Acting  Secretary  of  Agriculture. 


Amendment  1  to  B.  A.  I.  Obdeb  169. 

Amendment  1,  Bule  8,  Bevlsion  2. — To  Prevent  the  Spread  of  Lii>-and-Le£r 
Ulceration  (Necrobacillosis)  in  Sheep  (effective  on  and  after  October  17, 
1910). 

United  States  Department  op  Aoricclture, 

Office  of  the  Secretary. 

The  fact  has  been  determined  by  the  Secretary  of  Agriculture,  and  notice  is  hereby 
given,  that  the  contagious  disease  known  as  llp-and-leg  ulceration  (necrobacillosis)  exists 
to  a  slight  extent  only  among  sheep  in  the  counties  of  Bighorn  and  Sheridan,  in  the 
State  of  Wyoming,  quarantined  by  rule  8,  revision  2,  dated  July  22,  1910,  and  effective 
August  1,  1910. 

Now,  therefore,  I,  James  Wilson,  Secretary  of  Aoricclture,  under  authority  of 
law,  do  hereby  amend  said  rule  K  revision  2,  to  prevent  the  spread  of  lip-and-leg  ulcer- 
ation (necrobacillosis)  in  sheep,  in  the  following  particulars,  to  wit : 

That  part  of  said  rule  which  specifies  the  quacantined  portion  of  the  State  of  Wy- 
oming is  amended  to  read  as  follows : 

In  Wyoming  the  counties  of  Johnson,  Weston,  Crook,  Converse,  and  Natrona,  and  that 
part  of  Laramie  County  lying  north  of  the  North  Platte  River. 

The  effect  of  this  order  Is  to  release  from  quarantine  on  account  of  lip-and-leg  ulcer- 
ation (necrobacillosis)  in  sheep  the  counties  of  Bighorn  and  Sheridan,  in  the  Stale  of 
Wyoming. 

Done  at  W^ashington  this  10th  day  of  October,  1910. 

Witness  my  hand  and  the  seal  of  the  Department  of  Agriculture. 

[SBAL.]  James  Wilson,  Secretary. 


Amendment  2  to  B.  A.  I.  Order  169. 

Amendment  2,  Bule  8,  Bevision  2. — To  Prevent  the  Spread  of  Lip-and-Leg 
Ulceration  (Necrobacillosis)  in  Sheep  (effective  on  and  after  January  16, 

1911). 

United  States  Department  of  Agriculture, 

Office  of  the  Secretary. 

The  fact  has  been  determined  by  the  Secretary  of  Agriculture,  and  notice  is  hereby 
given,  that  the  contagious  disease  known  as  llp-and-leg  ulceration  (necrobacillosis) 
exists  to  a  slight  extent  only  among  sheep  In  the  counties  of  Johnson  and  Laramie,  in  the 
State  of  Wyoming,  quarantined  by  Rule  8,  Revision  2,  dated  July  22,  1910.  and  effective 
August  1,  1910. 

Now,  therefore,  I,  James  Wilson,  Secretary  of  Agriculture,  under  authority  of 
law,  do  hereby  amend  said  Rule  8,  Revision  2,  to  prevent  the  spread  of  lip-and-leg  ulcer- 
ation (necrobacillosis)  In  sheep  in  the  following  particulars,  to  wit : 

That  part  of  said  rule  which  specifies  the  quarantined  portion  of  the  State  of  Wyoming 
Is  amended  to  read  as  follows : 

In  Wyoming  the  counties  of  Weston,  Crook,  Converse,  and  Natrona. 

The  effect  of  this  order  Is  to  release  from  quarantine  on  account  of  llp-and-Ieg  ulcera- 
tion (necrobacillosis)  in  sheep  the  county  of  Johnson,  and  that  part  of  Laramie  County 
lying  north  of  the  North  Platte  River,  In  the  State  of  Wyoming. 

Done  at  Washington  this  19th  day  of  December,  1910. 

Witness  my  hand  and  the  seal  of  the  I>epartment  of  Agriculture. 

[SEAL.]  James  Wilson,  Secretary, 
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B.  A.  I.  Order  170. 

Special  Order  Modifying  the  Taberculin  Test  Requirement  for  Canadian 
Cattle  Imported  Temporarily  for  ExMbition  Purposes  at  the  Michi^ran 
State  A^rricultural  Society  Fair,  to  be  held  at  Detroit,  liich* 

U.  S.  Department  of  Agricultdrb,  Burbad  of  Animal  Industry^ 

Waahington,  D.  C,  September  7,  1910. 

Under  authority  conferred  upon  the  Chief  of  the  Bureau  of  Animal  Industry  by  Regu- 
lation 38  of  Bureau  of  Animal  Industry  Order  142,  "  Regulations  for  the  inspection  and 
quarantine  of  horses,  cattle,  sheep,  and  other  ruminants,  and  swine  imported  into  the 
United  States,"  the  requirements  of  regulation  37  of  order  142  are  hereby  waived  for 
cattle  to  be  imported  from  Canada  temporarily  for  exhibition  purposes  at  the  Michigan 
State  Agricultural  Society  Fair,  to  be  held  at  Detroit,  Mich.,  from  September  19  to  24, 
1910. 

The  provisions  of  said  regulation  38  shall  be  strictly  applied  to  the  cajttle  covered  by 
this  order.     Regulation  38  reads  as  follows : 

"  Regulation  38.  The  Chief  of  the  Bureau  of  Animal  Industry  may,  however,  by 
written  order,  waive  the  foregoing  tuberculin  test  requirement  for  cattle  to  be  imported 
temporarily  for  exhibition  purposes,  provided  such  cattle  are  accompanied  by  a  satis- 
factory certificate  of  tuberculin  test  made  not  more  than  six  months  previously  and  an 
affidavit  by  the  owner  or  importer  stating  that  said  certificate  of  tuberculin  test  refers 
to  the  cattle  in  question.  Any  such  cattle  which  are  not  sold  to  remain  in  the  United 
States  shall  be  returned  immediately  to  Canada  at  the  close  of  the  exhibition.  The 
department  must  be  notified  of  any  Canadian  cattle  which  will  remain  in  the  United 
States  not  tested  as  required  by  regulation  37,  and  the  tuberculin  test  will  be  applied 
to  them  by  an  inspector  of  this  department  before  shipment  to  destination.  All  cattle, 
sheep,  and  swine  intended  for  exhibition  purposes  must  be  shipped  directly  to  the  exhi- 
bition grounds  and  must  not  be  unloaded  in  any  public  stock  yards." 

A.  M.  Farrinoton. 
Acting  Chief  of  Bureau  of  Animal  Industry. 


B.  A.  I.  Order  171. 

Special  Order  Modifying  the  Tuberculin  Test  Bequirement  for  Canadian 
Cattle  Imported  Temporarily  for  Exhibition  Purposes  at  the  Fair  to  be 
Held  at  Ogdensburg,  N.  Y. 

IT.  S.  Departme.vt  of  Agriculture,  Bureau  of  Animal  Industry, 

Washington,  D.  C,  September  7,  1910. 

Under  authority  conferred  upon  the  Chlef^  of  the  Bureau  of  Animal  Industry  by  regu- 
lation 38  of  Bureau  of  Animal  Industry  Order  142,  "  Regulations  for  the  inspection  and 
quarantine  of  horses,  cattle,  sheep,  and  other  ruminants,  and  swine  imported  Into  the 
United  States,"  the  requirements  of  regulation  37  of  order  142  are  hereby  waived  for 
cattle  to  be  imported  from  Canada  temporarily  for  exhibition  purposes  at  the  fair  to  be 
held  at  Ogdensburg,  N.  Y.,  from  September  19  to  23,  1910. 

The  provisions  of  said  regulation  38  shall  be  strictly  applied  to  the  cattle  covered  by 
this  order.     Regulation  38  reads  as  follows : 

"  Regulation  38.  The  Chief  of  the  Bureau  of  Animal  Industry  may,  however,  by  written 
order,  waive  the  foregoing  tuberculin  test  requirement  for  cattle  to  be  imported  tempo- 
rarily for  exhibition  purposes,  provided  such  cattle  are  accompanied  by  a  satisfactory  cer- 
tificate of  tuberculin  test  made  not  more  than  six  months  previously  and  an  affidavit 
by  the  owner  or  importer  stating  that  said  certificate  of  tuberculin  test  refers  to  the 
cattle  In  question.  Any  such  cattle  which  are  not  sold  to  remain  in  the  United  States 
shall  be  returned  immediately  to  Canada  at  the  close  of  the  exhibition.  The  department 
must  be  notified  of  any  Canadian  cattle  which  will  remain  in  the  United  States  not 
tested  as  required  by  regulation  37,  and  the  tuberculin  test  will  be  applied  to  them  by  an 
Inspector  of  this  department  before  shipment  to  destination.  All  cattle,  sheep,  and  swine 
intended  for  exhibition  purposes  must  be  shipped  directly  to  the  exhibition  ground  and 
must  not  be  unloaded  tn  any  public  stock  yards." 

A.  M.  Parrington, 
Acting  Chief  of  Bureau  of  Animal  Industry. 
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B.  A.  I.  Ordee  172. 

Special  Order  Modifying  the  Tuberculin  Test  Bequirement  for  Canadian 
Cattle  Imported  Temporarily  for  Exhibition  Purposes  at  the  Inter- 
national Live  Stock  Exposition,  Chica^ro,  HI. 

U.  S.  Department  op  Agriculture,  Bureau  of  Animal  Industry, 

Washington,  D.  C,  November  17,  1910, 

Under  authority  conferred  upon  the  Chief  of  the  Bureau  of  Animal  Industry  by  regru- 
latlon  38  of  Bureau  of  Animal  Industry  Order  142,  "  Regulations  for  the  inspection  and 
quarantine  of  horses,  cattle,  sheep,  and  other  ruminants,  and  swine  imported  into  the 
United  States,"  the  requirements  of  regulation  37  of  order  142  are  hereby  waived  for 
cattle  to  be  imported  from  Canada  temporarily  for  exhibition  purposes  at  the  Interna- 
tional Live  Stocic  Exposition,  to  be  held  at  Chicago,  111.,  from  November  26  to  December 
3,  1910. 

The  provisions  of  said  regulation  38  shall  be  strictly  applied  to  the  cattle  covered  by 
this  order.     Regulation  38  reads  as  follows : 

"  Regulation  38.  The  Chief  of  the  Bureau  of  Animal  Industry  may,  however,  by  writ- 
ten order,  waive  the  foregoing  tuberculin  test  requirement  for  cattle  to  be  imported  tem- 
porarily for  exhibition  purposos,  provided  such  cattle  are  accompanied  by  a  satisfactory 
certificate  of  tuberculin  test  made  not  more  than  six  months  previously  and  an  affidavit 
by  the  owner  or  importer  stating  that  said  certificate  of  tuberculin  test  refers  to  the 
cattle  in  question.  Any  such  cattle  which  are  not  sold  to  remain  in  the  United  States 
shall  be  returned  immediately  to  Canada  at  the  close  of  the  exhibition.  The  department 
must  be  notified  of  any  Canadian  cattle  which  will  remain  in  the  United  States  not 
tested  as  required  by  regulation  37,  and  the  tuberculin  test  will  be  applied  to  them  by 
an  inspector  of  this  department  before  shipment  to  destination.  All  cattle,  sheep,  and 
swine  intended  for  exhibition  purposes  must  be  shipped  directly  to  the  exhibition  grounds 
and  must  not  be  unloaded  in  any  public  stock  yards." 

A.  D.  Melvin, 
Chief  of  the  Bureau  of  Animal  Indu»iry, 


B.  A.  I.  Order  173. 

Special  Order  Providing  for  the  Importation  of  Canadian  Sheep  for  Ex- 
hibition Purposes  at  the  International  Live  Stock  Exposition,  Chi- 
cago, 111. 

U.  S.  Department  op  Agriculture.  Office  op  the  Secretary, 

Washington,  D.  C,  November  17,  1910. 

Under  the  authority  conferred  by  section  2  of  the  Act  of  Congress  approved  February 
2,  1903  (33  Stat.,  791),  I,  Jame.s  Wil.son,  Secretary  of  Agriculture,  do  hereby  order 
that  from  this  date  to  November  30,  1910,  sheep  may  be  imported  Into  the  United  States 
from  Canada  for  exhibition  purposes  at  the  International  Live  Stock  Exposition,  to  be 
held  at  Chicago,  111.,  from  November  26  to  December  3,  1910,  inclusive,  without  being 
subject  to  30  days'  quarantine:  Provided,  Such  sheep  are  shipped  directly  to  the  exposi- 
tion grounds  and  are  not  unloaded  en  route  Into  any  public  stock  yards,  that  they  pass 
a  satisfactory  inspection  at  the  port  of  entry,  and  are  accompanied  by  an  affidavit  of 
the  owner  or  importer  and  a  certificate  issued  by  an  authorized  official  Canadian  veteri- 
narian, as  required  by  amendment  3  to  B.  A.  I.  Order  142,  amending  regulation  4t 
of  the  Regulations  for  the  Inspection  and  Quarantine  of  Horses,  Cattle,  Sheep,  and  Other 
Ruminants,  and  Swine  Imported  into  the  United  States:  And  provided  further.  That 
such  sheep  which  are  not  allowed  to  remain  In  the  United  States,  as  hereinafter  provided, 
shall  be  returned  to  Canada  immediately  upon  the  close  of  said  exposition. 

Such  sheep,  however,  may  remain  in  the  United  States  for  breeding  purposes,  provided 
the  owner  or  importer  thereof  shall  notify  the  Bureau  of  Animal  Industry,  through  its 
veterinary  inspector  In  charge  at  Chicago,  that  such  sheep  are  Intended  for  such 
purposes,  when  the  sheep  shall  be  placed  and  maintained  In  quarantine  at  the  exposi- 
tion grounds,  under  the  supervision  of  an  inspector  of  the  Bureau  of  Animal  Industry, 
for  a  period  of  30  days,  dating  from  their  entry  into  the  United  States,  and  provided 
at  the  termination  they  are  found  free  from  any  contagious,  infectious,  or  communicable 
disease.  In  which  event  such  inspector  will  Issue  a  certificate  permitting  their  shipment 
In  the  United  States. 

[SEAL.]  James  Wilson,  Secretary  of  Agriculture, 
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B.  A.  I.  Order  174. 

Special  Order  ProMbitinsr  the  Landing  of  Horses,  Asses,  Males,  Sheep, 
Ooats,  and  Swine  from  any  of  the  Countries  of  Asia  and  Africa  at  any 
of  the  Ports  of  the  United  States,  the  Territories,  or  Dependencies  Thereof. 

Fnited  States  DEPARTME^T  op  Aoricultdbb, 

Office  of  the  SECRETAitT. 

Notice  is  hereby  glyen  to  the  owners,  officers,  and  agents  of  all  steamers  and  other  ves- 
sels of  all  descriptions  plying  between  the  countries  of  Asia  and  Africa  and  any  of  the 
ports  of  the  United  States,  the  Territories,  or  dependencies  thereof,  and  to  all  stockmen  and 
other  persons  concerned  in  any  manner  in  the  traffic  in  animals  in  or  with  the  said  coan- 
tries  of  Asia  and  Africa,  that  certain  contagious,  infectious,  and  communicable  diseases 
dangerous  to  the  live  stock  of  the  United  States  exist  among  the  animals  of  the  said 
countries  of  Asia  and  Africa,  viz,  surra,  affecting  horses,  mules,  and  asses;  foot-and- 
mouth  diseajse,  affecting  horses,  sheep,  goats,  and  swine;  rinderpest,  affecting  sheep, 
goats,  and  swine. 

Now,  therefore,  under  the  authority  conferred  upon  me  by  the  act  of  Congress  approved 
February  2,  1903,  entitled  "An  act  to  enable  the  Secretary  of  Agriculture  to  more  effectn- 
ally  suppress  and  prevent  the  spread  of  contagious  and  infectious  diseases  of  live  stock, 
and  for  other  purposes,"  I  do  hereby  prohibit  the  landing  at  any  of  the  ports  of  the 
United  States  and  Territories,  or  dependencies  thereof,  of  any  horses,  asses,  mules,  sheep, 
goats,  and  swine  from  the  said  countries  of  Asia  and  Africa.  This  prohibition  shall  take 
effect  immediately  and  shall  continue  in  force  until  otherwise  ordered. 

Done  at  Washington  this  16th  day  of  November,  1910. 

Witness  my  hand  and  the  seal  of  the  Ignited  States  Department  of  Agriculture. 

[seal.]  W.  M.  Hays,  Acting  Secretary  of  Affriculture. 


B.  A.  I.  Order  173. 

Begulations  Governing  the  Certification  of  Becosrnized  Breeds  and  Pnre- 

Bred  Animals. 

Department  of  Agricultire,  Office  of  the  Sbcretart, 

Washington,  D.  C,  yovemher  £5,  1910. 
Under  authority  of  paragraph  492  of  the  act  of  Congress  approved  August  5,  1909, 
entitled  "An  act  to  provide  revenue,  equalize  duties,  and  encourage  the  industries  of  the 
United  States,  and  for  other  purposes'*  (36  Stat.,  11),  the  following  regulations  are 
issued  governing  the  certification  of  recognized  breeds  and  purebred  animals  imported 
into  the  United  States  for  breeding  purposes.  •  For  purposes  of  identification,  these  rega- 
lations  are  designated  as  B.  A.  I.  Order  175,  and  supersede  all  previous  regulations  on  the 
same  subject.  They  shall  become  and  be  effective  on  and  after  January  1,  1911.  All 
previous  certifications  are  hereby  canceled  to  be  effective  on  and  after  January  1,  1911. 

Jambs  Wilson,  Secretary. 


reoulation  1. — certification  of  purebred  animals. 

Sdction  1.  Bureau  of  Animal  Industry  to  issue  certificates. — The  Bureau  of  Animal 
Industry  of  the  Department  of  Agriculture  is  hereby  authorized  to  issue  certificates  of 
pure  breeding  under  the  provisions  of  this  order. 

Section  2.  How  to  obtain  certificates. — In  order  to  obtain  such  certificates  of  pore 
breeding,  importers  shall  conform  to  the  following  procedure : 

Paragraph  1.  Application  for  certificates. — An  application  for  certificates  shall  be  made 
to  the  Bureau  of  Animal  Industry  on « forms  furnished  or  approved  by  the  department, 
showing  the  number  of  animals  to  be  imported,  the  breed  and  sex,  the  port  of  shipment, 
the  port  of  entry  into  the  United  States,  the  name  of  vessel  by  which  shipped,  and  the 
probable  date  of  arrival.  This  application  may  be  signed  either  by  the  owner,  the  im- 
porter, or  the  agent,  stating  the  name  and  address  (in  the  United  States)  of  the  owner 
of  the  animal  or  animals. 

Paragraph  t.  Certificates  of  pedigree. — Certificates  of  registration  and  pedigree  for  said 
animal  or  animals,  issued  by  the  custodian  of  one  of  the  books  of  record  given  in  regu- 
lation 2,  section  4,  of  this  order,  shall  be  furnished  to  the  Bureau  of  Animal  Indostry 
with  the  application. 

Paragraph  S.  Vendor^s  certificates. — A  certificate  from  the  seller  or  his  agent  shall  be 
furnished  to  the  Bureau  of  Animal  Industry  with  the  application,  giving  the  name  and 
registry  number  of  each  animal  sold  to  the  importer,  the  date  of  sale,  the  place  of  pur- 
chase, and  the  name  and  address   (In  the  United  States)    of  the  purchaser.     Vendor's 
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certificates  furnished  by  the  custodians  of  foreign  books  of  record,  containing  the  above 
information,  may  be  used ;  otherwise  the  form  of  vendor's  certificate  furnished  or  ap- 
proved by  this  department  must  be  used. 

Section  3.  Applications  will  be  given  consideration  by  the  department  in  the  order 
In  which  they  are  received.  When  the  application  and  accompanying  papers  are  satis- 
factory, certificates  to  that  effect  will  be  issued  promptly  and  forwarded  to  the  Inspector 
of  the  Bureau  of  Animal  Industry  at  the  port  of  entry  or  at  the  station  where  the  ani- 
mals are  quarantined,  which  officer  will  compare  the  animals  imported  with  the  data 
furnished  In  the  foreign  pedigree  certificates,  and  where  satisfactory,  both  the  foreign 
pedigree  certificates  and  the  certificates  of  the  Bureau  of  ^Vninial  Industry  will  be  given 
to  the  owner,  importer,  or  agent.  All  papers  for  animals  which  do  not  meet  the  require- 
ments of  this  order  will  be  retained  or  returned  in  the  discretion  of  the  department. 

Section  4.  Eligibility  of  animals. — Where  the  provisions  of  this  order  have  been  other- 
wise complied  with,  animals  will  be  certified  as  purebred  which  have  been  fully  registered 
In  good  faith  In  one  of  the  books  of  record  foi:  one  of  the  recognized  breeds  given  In 
regulation  2,  section  4,  of  this  order,  except  those  which  have  been  registered  <m 
Inspection. 

REGULATION   2. CERTIFICATION    OF  RECOGNIZED   BREEDS. 

Section  1.  Application  for  certification. — Before  an  additional  breed  to  those  shown 
in  section  4  of  this  regulation  shall  be  added  to  this  order,  the  custodian  of  its  book  of 
record  shall  submit  to  the  department  a  complete  set  of  the  published  volumes  of  such 
book  of  record  to  date  of  making  applicatipn,  together  with  all  rules  In  force  on  said 
date  affecting  the  registration  of  animals  in  said  book  of  record.  The  department  will 
consider. the  case  on  Its  pierits  and  use  such  information  as  may  be  available  to  deter- 
mine whether  the  breed  is  a  recognized  breed  and  whether  the  animals  registered  In  the 
book -of  record  are  purebred. 

Section  2.  Official  communications. — All  official  communications  submitted  under  the 
provisions  of  this  order  should  be  addressed  to  the  Chief  of  the  Bureau  of  Animal  Indus- 
try, Department  of  Agriculture,  Washington,  D.  C,  except  as  mentioned  below. 

Section  3.  Books  of  record  required. — Custodians  of  books  of  record  for  certified 
breeds  shall  forward  volumes  of  their  books  of  record  as  soon  as  published  addressed  to 
the  Chief  of  the  Bureau  of  Animal  Industry,  In  care  of  the  United  States  despatch  agent, 
2  Rector  Street,  New  York.  N.  Y.,  U.  S.  A. 

Section  4.  Recognized  breeds. — The  following  breeds  of  domestic  animals  have  been 
certified  to  the  Secretary  of  the  Treasury  on  this  date.  Opposite  will  be  found  the 
names  of  the  foreign  books  of  record  for  these  breeds,  with  the  names  and  addresses  of 
their  custodians. 

Paragraph  1.  Recognized  breeds  and  books  of  record  across  the  seas : 


Name  of  breed. 


Book  of  record. 


Belgian  Draft Stud  book  des  Chevaux  de 

'      Trait  Beiges. 


Clydesdale. 


French  Draft... 

Hackney 

Percheron , 

Shetland  Pony., 


Clydesdale  Studbook.. 


Studbook  des  Chevaux  de 
Trait  Francais. 

Hackney  Studbook 


Studbook  Percheron  de 
France. 

Shetland  Pony  Studbook. . . 


Shire Shire  Horse  Society  Stud- 

I      book. 

Suffolk Suffolk  Studbook 

Thoroughbred 

Welsh  Pony  and  Cob 


Australian  Studbook. . 
General  Studbook 


Welsh  Pony  and  Cob  Stud- 
book. 


By  whom  published. 


Soci6t^  le  Cheval  de  Trait  Beige,  Chevalier 
O.  Hyndcrick,  secretary,  Brussels,  Bel- 
glum. 

Clydesdale  Horse  Sodetv  of  the  United 
Kingdom  of  Great  Briiain  and  Ireland, 
Archibald  MacNeilage  .secretary,  (O  Hope 
Street,  Glasgow,  Scotland. 

Soci6t^  des  Agriculteurs  de  France,  Henri 
Johanet.  secretary,  8  Rue  d'Athenes, 
Paris,  France. 

Hackney  Horse  Society,  Frank  F.  Euren, 
secretary,  12  Hanover  Square,  London, 
W.,  England. 

La  Society  Hippiaue  Percheronne  de 
France,  E.  Lemarfe,  secretary,  Nogent- 
le-Rotrou,  France. 

Shetland  Pony  Studbook  Society,  R.  W. 
Walker,  secretary.  3  Qolden  Square, 
Aberdeen,  Scotland. 

Shire  Horse  Society,  J.  Sloughgrove,  secre- 
tary. 12  Hanover  Square,  London,  W., 
England. 

Suffolk  Horse  Society.  Fred  Smith,  secre- 
tary, Rendlesham,  Woodbrldge,  Suffolk, 
England. 

W.  C.  YulUe  &  Sons,  Melbourne,  Australia. 

Weatherby  &  Sons,  6  Old  BurUngton  Street, 
London,  W.,  England. 

The  Welsh  Pony  and  Cob  Society,  John  R. 
Bache,  secretary,  Knighton,  Radnoir- 
shire,  wales. 
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Name  of  breed. 


Aberdeen-Angus . . . , 

Aldemey 

Ayrshire 

Devon 

Galloway 

Guernsey 

Hereford 

Highland 

Holsteln-Frleslan. . . . 


Jersey.. 


Kerry  and  Dexter.. 


Red  PoUed, 

Shorthorn.. 

Sussex 

Welsh 


Book  of  record. 


By  whom  published. 


The  Aberdeen-Angus  Herd 
Book. 

Royal    Aldemey    Agricul- 
tural Society's  Herd  Book. 

Ayrshire  Herd  book 

Davy's  Devon  Herd  book 

Galloway  Herdbook 

English  Guernsey  Herdbook 

Guernsey  Herdbook 

Herdbook  of  Hereford  Cattle. 
Highland  Herdbook 


Frieslan  Herdbook  (Frieach 
Rund  vee-S  tarn  boek) . 

Netherlands  Herdbook 

(Nederlandsch  Rundvee- 

8tuinlx>ek). 
North    Holland    Herdbook 

(Uimdvee-S  tarn  boek 

"Nord  Holland"). 
Jersey  Herdbook 


Knjrllsh  Herdbook  and  Reg- 
ister of  Jersey  Cattle. 


English  Kerry  and  Dexter 
Herdbook. 


Royal  Dii])lln  Society  Kerry 
and  Dexter  HerUliook. 

Red  PoUed  Herdbook 

Coates's  Herdbook 

Sussex  Herd>>ook 


Welsh  Black  Cattle  Herd- 
book. 


The  Aberdeen-Angus  Cattle  Society .  James 
R.  Barclay,  secretary,  9  Old  Market 
Place,  Banff,  Scotland. 

Royal  Aldemey  Agricultural  Sodetv,  N.-W. 
uaudion,  secretary,  Lower  victoria 
Street,  Aldemey,  Island  of  Aldemey. 

Ayrshire  Cattle  Herdbook  Society  of  Great 
Britain  and  Ireland,  John  Howie,  secre- 
tary, 68  Alloway  Street,  Ayr,  Scotiiand. 

Devon  Cattle  Breeders'  Society,  John  Ris- 
don, Jr.,  secretary,  Wivelisoombe,  Somer- 
set, England. 

Galloway  Cattle  Society,  Rev.  John  GlDn- 
ple.  secretary.  Mouswald  Manse,  Rutb- 
well,  R.  S.  O., •Dumfriesshire,  Scotland. 

English  Guernsey  Cattle  Society,  Robert  F. 
Lmg,  secretary,  12  Hanover  Square,  Lon- 
don. W.,  England. 

Royal  Guernsey  Agricultural  Society, 
Henrv  Carr6,  secretary,  St.  Peter's  Port, 
Islana  of  Guernsey. 

Hereford  Herdbook  Society,  W.  C.  G.  Brit- 
ten, secretary,  20  East  Street,  Hereford, 
England. 

Highland  Cattle  Society  of  Scotland,  Dtm- 
can  Shaw,  secretary,  15  High  street,  In- 
\'eme8s,  Stx)tland. 

Friesch  Kundvee-Stamboek,  Dr.  E.  van 
Welderen  Rengers,  secretary,  Leeawar- 
den,  Holland. 

Vereeniging  het  Nederlandache  Rundvee- 
Stamboek,  H.  C.  Waldeck,  secretary, 
Loosduinen,  Holland. 

Vereeniging  het  Rundvee-Stamboek  "Nord 
Holland/'  D.  Laan,  secretary-treasurer, 
SchelUnkhout.  Holland. 

Roval  Jersey  Agricultural  Society,  John  A. 
Perree,  secretary,  8  Church  Street,  St 
Hclier,  Island  of  Jersey. 

English  Jersey  Cattle  Society,  T.  W.  Ham- 
mond and  L.  J.  Craufurd,  secretaries, 
19  Bloomsbury  Square,  London,  W.  C, 
England. 

English  Kerry  and  Dexter  Cattle  Society, 
T.  W.  Hammond  and  L.  J.  Craufurd, 
secretaries,  19  Bloomsbury  Square,  Lon- 
don, W.  C,  England. 

Royal  Dublin  Society,  Richard  J.  Moes, 
secretary,  Leinster  House,  Dublin, 
Ireland. 

Red  Polled  Society  of  Great  Britain  and 
Ireland,  Herbert  P.  Blofleld,  secretary, 
Morley  Manor,  Wymondham,  Norfolk, 
England. 

Shorthorn  Society  of  Great  Britain  and  Ire- 
land, E.  J.  Powell,  secretary,  12L Hanover 
Square,  London,  W.,  England. 

Sussex  Herdbook  Society,  A.  G.  Holland, 
secretary.  12  Hanover  Square,  London, 
W.,  England. 

Welsh  Black  Cattle  Society,  James  Thomas 
&  Son,  secretaries,  9  Victoria  Place, 
Haverfordwest,  South  Wales. 


SHEEP. 


Cheviot 

Cotswold 

Dorset  Horn 

Hampshire  Down. 


Cheviot  Sheep  Flock  Book.. 

Cotswold  Flock  Book 

Dorset  Horn  Flock  Book 


Hampshire     Down     Flock 
Book. 


Cheviot  Sheep  Society,  John  Robeon,  £ 

tary,  Newton,  BeUingham,  NcKthumber- 
land.  England. 

Cotswold  Sheep  Society,  James  W.  Tayler, 
secretary-,  Cold  Aston,  Burton-on-the- 
Water,  (iioucestershire,  England. 

Dorset  Horn  Sheep  Breeders'*^  AssodstioD, 
Thomas  H.  Ensor,  secretary,  Bank 
Chambers,  DorchMter,  Dorset,  England. 

Hampshire  Down  Sheep  Breeders'  Associa- 
tion, James  E.  Rawienoe,  secretary,  40 
The  Canal,  Salisbury,  England. 
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Name  of  breed. 


Book  of  record. 


By  whom  published. 


Kent  or  Romney  Marsh. 

Leicester 

Leicester  (Border) 

Lincoln 

Oxford  Down 

Shropshire 

Bouthdown 

Suffolk 

Wensleydale 


Kent   or   Romney    Marsh 
Flock  Book. 


Leicester  Flock  Book.. 


The  Border  Leicester  Flock 
Book. 

Lincoln    Longwool    Sheep 
Breeders'  Flock  Book. 

Oxford  Down  Flock  Book... 


Shropshire  Flock  Book 

Southdown  Flock  Book 

Suffolk  Flock  Book 

Wensleydale  Flock  Book... 


Kent  Sheep  Breeders'  Association,  W.  W. 
Chapman,  secretary,  Room  4.  Mowbray 
House,  Norfolk  Street,  Strand,  London, 
W.  C,  England. 

Leicester  Sheep  Breeders'  Association, 
W.  A.  Brown,  secretary.  Elms  Villa, 
Great  Driffield,  East  Yorkshke,  England. 

The  Society  of  Border  Leicester  Sheep 
Breeders,  Robert  Wood,  secretary,  Xa- 
miral  Street,  Camaustie,  Scotland. 

Lincoln  Longwool  Sheep  Breeders'  Associa- 
tion, William  Franklsh,  secretary,  St. 
Benedict's  Square,  Lincoln,  England. 

Oxford  Down  Sheep  Breeders'  Association, 
Howard  Sammons,  secretary,  19  George 
Street,  Oxford,  England. 

Shropshire  Sheep  Breeders'  Association 
and  Flock  Book  Society,  Alfred  Mansell 
6c  Co.,  secretaries.  College  Hill,  Shrews- 
bury. England. 

Southdown  Sheep  Society,  W.  J.  Wlckison, 
secretary.  12  Hanover  Square,  Londcm, 
W.,  England. 

Suffolk  Sheep  Society,  Miss  E.  M.  Prentice, 
secretary,  25  Marlborough  Road,  Ipswich^ 
England. 

Wensleydale  Longwool  Sheep  Breeders' 
Association  and  Flock  Book  Society, 
R.  B.  Hodgson,  secretar>',  Hallwith, 
Spennithome,  Leybum,  England. 


Berkshire.. 
Tamworth. 
Yorkshire.. 


British  Berkshire  Herdbook . 


Herdbook  of  the  National 
Pig  Breeders'  Association. 


.do.. 


British  Berkshire  Society,  Edgar  Hum- 
frey.  secretary,  Shippon,  Abingdon,  Eng- 

National  Pig  Breeders'  Association.  John 
Parr,  secretary,  Nottingham  Road,  Bar^ 
rowash,  Derby,  England. 
Do. 


Belgian  (Griffon  bruxellois, 
Schipperke,  Chlen  de  berger 
beige). 

Fifty-seven  recognized  breeds . 


Foxhound 

Greyhound 

Harrier  and  Beagle, 

Swiss 


Livre   des   Origines  Saint- 
Hubert. 

Kennel  Club  Stud  book 


Fox  Hound  Kennel  Stud- 
book. 

Greyhound  Studbook 


Harrier  and   Beagle  Stud- 
book. 


Sch weirerlsches    H  u  n  d  e  - 
Stammbuch. 


La  8oci6t«  Royale  Saint-Hubert,  V.  Du  Prt, 
secretary  general,  Brussels,  Belgium. 

Kennel  Club,  E.  W.  Jaquet,  secretary,  7 
Grafton  Street,  Bond  Street,  London,  W., 
England. 

Masters  of  Fox  Hounds  As90ciatk>n.  H .  E. 
Preston,  editor,  Middlethorpe  Manor, 
York,  England. 

National  Coursing  Club,  W.  F.  Lamonby, 
keeper  of  the  Greyhound  Studbook.  The 
Place,  Great  Bardfleld,  Brahitree,  Essex, 
England. 

Association  of  Masters  of  Harriers  and  Bea- 
gles, Arthur  L.  Mercer,  secretary,  Rod- 
mersham  House,  near  Sittingboume, 
Kent,  England. 

Schweizerische  Kynologlschen  Gesellschaft, 
W.  Tschudy,  secretary,  Markircbstrasse, 
Basel,  Switzerland. 


LonR-haired  (Angora  or  Per- 
sian;; short-haired  (Siamese, 
Manx.  Mexican,  Abyssinian, 
Indian,  Russian,  and  Japa- 
nese). 


National  Cat  Club  Studbook 
and  Register. 


National  Cat  Club  of  England,  Ed.  F.Cox, 
secretary,  65  and  66  Chancery  Lane,  Lon- 
don, W.  C,  England. 
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Paragraph  2,  Recognized  breeds  and  books  of  record  in  Canada. — The  Canadian  National 
Records  are  recofqiized  for  tbe  following  breeds,  subject  to  the  same  proyisions  prescribed 
for  books  of  record  across  the  seas: 


Belgian  Draft 

Clydesdalo. 

Hackney. 

Shire. 

Suffolk. 

Welsh  Pony  and  Cobb. 

CATTLE. 

Aberdeen -Angus. 

Ayrshire. 

French   Canadian. 

Galloway. 

Guernsey. 

Hereford. 

Jersey. 

Red    Polled. 

Shorthorn. 


SHEEP. 


Cheviot. 

Cotswold. 

I)orset   Horn. 

Hampshire. 

Leicester. 

Lincoln. 

Oxford  Down. 

Shropshire. 

Southdown. 

Suffolk. 


Berkshire. 

Duroe-Jersey. 

Hampshire. 

Poland-China. 

Tamworth. 

ICorkshlre. 


Paragraph  492  of  the  act  of  Congress  entitled  "An  act  to  provide  revenue,  equalise 
duties,  and  encourage  the  industries  of  the  United  States,  and  for  other  purposes," 
approved  Augjist  5,  1001)  (:16  Stat.,  11),  Is  as  follows: 

"Any  animal  Imported  by  a  citizen  of  the  United  States  specially  for  breeding 
purposes  shall  be  admitted  free,  whether  Intended  to  be  so  used  by  the  importer  him- 
self or  for  sale  for  such  purpose :  Provided ,  That  no  such  animal  shall  be  admitted  free 
unless  pure  bred  of  a  recognized  breed  and  duly  registered  In  the  book  of  record 
established  for  that  breed:  And  provided  further.  That  certificate  of  such  record  and 
of  the  pedigree  of  such  animal  shall  be  produced  and  submitted  to  the  customs  officer, 
duly  authenticated  by  the  proper  custodian  of  such  book  of  record,  together  with  the 
affidavit  of  the  owner,  agent,  or  importer  that  such  animal  is  the  identical  animal 
described  In  said  certificate  of  record  and  pedigree :  And  provided  further.  That  the 
Secretary  of  Agriculture  shall  determine  and  certify  to  the  Secretary  of  the  Treasury 
what  are  recognized  an  breeds  and  purebred  animals  under  the  provisions  of  this  para- 
graph. The  Secretary  of  the  Treasury  may  prescribe  such  additional  regulations  as 
may  be  required  for  the  strict  enforcement  of  this  provision.  Cattle,  horses,  sheep,  or 
other  domestic  animals  straying  across  the  boundary  line  Into  any  foreign  country,  or 
driven  across  such  boundary  line  by  the  owner  for  temporary  pasturage  purposes  only, 
together  with  their  offspring,  may  be  brought  back  to  the  United  States  within  six 
months  free  of  duty,  under  regulations  to  b<»  prescribed  by  the  Secretary  of  the 
Treasury:  And  provided  further.  That  the  provisions  of  this  act  shall  apply  to  all  such 
animals  as  have  been  imported  and  are  In  quarantine  or  otherwise  In  the  custody  of 
customs  or  other  officers  of  the  United  States  at  the  date  of  the  passage  of  this  act.** 


\MENDMKNT   1   TO  B.   A.   I.   ObDER   175. 

Amendment  1  to  B.  A.  I.  Order  175  (Begiilations  of  the  Secretary  of  Agri- 
culture Governlngr  the  Certification  of  Recognized  Breeds  and  Purebred 
Animals) — Modifying  Paragraph  2,  Section  4,  Regulation  2,  Regarding 
the  Recognition  of  Animals  Registered  in  the  Canadian  National  Rec- 
ords (effective  on  and  after  January  1,  1911). 

United  States  Department  of  Agricultdrh, 

Ofpicb  of  thb  Sbcrbtabt. 

Paragraph  2,  section  4,  regulation  2,  of  the  regulations  issued  by  the  Secretary  of 
Agriculture,  under  date  of  November  25,  1910,  regarding  the  recognition  of  specified 
breeds  of  horses,  cattle,  sheep,  and  hogs,  registered  in  the  Canadian  National  Records, 
is  hereby  modified  so  as  to  provide  that  no  animal  or  animals  registered  in  the  Canadian 
National  Records  shall  be  certified  by  the  Secretary  of  Agriculture  as  purebred  except 
those  which  trace,  in  all  crosses,  to  registered  animals  In  the  country  where  the  breed 
originated. 

Done  at  Washington  tills  8th  day  of  December,  1010. 

Witness  my  hand  and  the  seal  of  the  Department  of  Agriculture. 

[ SISAL. ]  James   Wilson,  Secretary  of  Affrioulture. 
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B.  A.  I.  Order  176. 

Order  Providinsr  for  the  Inspection  and  Quarantine  of  Collie,  Shepherd,  or 
Sheep  Dogs  Imported  into  the  United  States,  or  the  Territories  thereof, 
from  any  Country  of  the  World  except  North  America. 

U.  S.  Department  of  Aqricultdre,  Bureau  op  Animal  Industry, 

Washington,  D.  C,  Xovemher  25,  1910. 

The  fact  has  been  determined  by  the  Secretary  of  Agriculture  that  collie,  shepherd, 
or  sheep  dogs  are  subject  to  the  infection  of  tapeworm  (T<tnia  axnurua),  the  Infective 
element  causing  gid,  sturdy,  or  staggers  in  sheep,  through  the  invasion  of  the  brain  and 
spinal  canal  of  these  animals  by  the  cystic  form  of  this  parasite  iCctnurus  cerehralis)  : 

Now,  therefore,  I,  James  Wilson,  under  authority  conferred  by  section  2  of  the  act 
of  Congress  approved  February  2,  1903  (33  Stat.,  791),  do  hereby  order,  and  notice  Is 
hereby  given  to  the  owners,  officers,  and  agents  of  ail  steamers  and  other  vessels  of  all 
descriptions  plying  between  any  foreign  country,  except  the  countries  of  North  America, 
and  the  United  States  or  the  Territories  thereof,  and  to  all  stockmen  and  all  other  per- 
sons concerned  in  any  way  or  manner  in  the  importation  of  or  traffic  In  collies,  shep- 
herd, or  sheep  dogs,  that  all  such  dogs  entering  the  Fnited  States  or  the  Territories 
thereof  shall  be  subjected  to  quarantine  for  a  period  not  to  exceed  two  weeks,  or  until 
it  can  be  determined  by  inspection  or  examination  by  an  inspector  of  the  Bureau  of 
Animal  Industry,  as  to  whether  such  dogs  are  the  hosts  of  Tcmia  cosnurus.  In  the  event 
it  is  found  by  such  Inspection  or  examination  that  such  animals  are  so  infected,  they 
must  be  medically  treated  under  the  supervision  of  an  inspector  of  the  Bureau  of  Animal 
Industry  and  held  in  quarantine  until  It  can  be  definitely  determined  that  they  are  free 
from  such  infection  before  being  allowed  to  be  imported  into  the  United  States  or  to 
mingle  with  sheep  or  other  live  stock  In  the  United  States. 

The  ports  of  entry  /or  such  dogs  are  limited  to  the  ports  designated  in  the  regulations 
of  this  department  for  the  entry  of  animals  which  are  subject  to  both  inspection  and 
quarantine,  viz :  On  the  Atlantic  seaboard,  Boston,  Mass.,  New  York,  N.  Y.,  and  Balti- 
more, Md.  On  the  Pacific  seaboard,  San  Francisco  and  San  Diego,  Cal.,  and  Port  Town- 
send,  Wash. 

This  order  will  take  effect  Immediately  and  will  continue  in  force  until  otherwise 
ordered. 

James  Wilson.  Secretary  of  Agriculture. 


B.  A.  I.  Order  177. 
Special  Order  Providingr  for  the  Importation  of  Canadian  Sheep  for  Ex- 
hibition  Purposes   at   the   National   Midwinter   Sheep   Show,    Portland, 
Oregr. 

U.  S.  Depabtmbnt  of  Aoricuuture,  Office  of  the  Sbcrbtary, 

Washington,  D.  C,  December  ti»  1910. 

Under  the  authority  conferred  by  section  2  of  the  act  of  Congress  approved  February 
2,  1903  (33  Stat.,  791),  I,  James  Wilson,  Secretary  of  Agriccltcrb,  do  hereby 
order  that  from  December  28,  1910,  to  January  5,  1911,  sheep  may  be  imported  Into 
the  United  States  from  Canada  for  exhibition  purposes  at  the  National  Midwinter 
Sheep  Show,  to  be  held  at  Portland,  Oreg.,  from  January  4  to  January  7,  1911, 
inclusive,  without  being  subject  to  30  days'  quarantine,  provided  such  sheep  are 
shipped  directly  to  the  exhibition  grounds  and  are  not  unloaded  en  route  into  any 
public  stockyards;  that  they  pass  a  satisfactory  Inspection  at  the  port  of  entry,  and 
are  accompanied  by  an  affidavit  of  the  owner  or  Importer  and  a  certificate  issued  by 
an  authorized  official  Canadian  veterinarian,  as  required  by  amendment  7  to  B.  A.  I. 
Order  142,  amending  regulation  41  of  the  regulations  for  the  inspection  and  quarantine 
of  horses,  cattle,  sheep,  and  other  ruminants,  and  swine  imported  into  the  United 
States ;  and  provided  further,  that  such  sheep  which  are  not  allowed  to  remain  in  the 
United  States,  as  hereinafter  provided,  shall  be  returned  to  Canada  immediately  upon 
the  close  of  said  exposition. 

Such  sheep,  however,  may  remain  In  the  United  States  for  breeding  purposes,  pro- 
vided the  owner  or  importer  thereof  shall  notify  the  Bureau  of  Animal  Industry, 
through  its  veterinary  inspector  in  charge  at  I*ortiand,  that  such  sheep  are  intended 
for  such  purposes,  when  the  sheep  shall  be  *placed  and  maintained  In  quarantine  at 
the  exposition  grounds,  under  the  supervision  of  an  inspector  of  the  Bureau  of  Animal 
Industry,  for  a  period  of  30  days,  dating  from  their  entry  into  the  United  States, 
and  provided  at  the  termination  they  are  found  free  from  any  contagious,  infectious, 
or  communicable  disease,  in  which  event  such  inspector  will  issue  a  certificate  permit- 
ting their  shipment  in  the  United  States. 

Jambs  Wilson,  Secretary  of  Agriculture. 
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Order  of  the  Ck>mmi8sioner8  of  the  District  of  Columbia  for  the  Suppression 
and  Prevention  of  Tuberculosis  in  Cattle. 

Executive  Office,  Commissionbbs  of  the  District  of  Columbia, 

Washington,   yovember  ft»,  1909. 

Ordered:  The  Commlssionera  of  the  District  of  Columbia  haying  learned  that  tuber- 
culosis, a  communicable  disease,  prevails  among  the  cattle  In  the  District  of  Columbia 
and  adjacent  States,  do  hereby,  pursuant  to  law,  authorise  and  direct  the  following 
measures  for  the  prompt  suppression  and  to  prevent  the  spread  of  bovine  tuberculosis 
within  the  District  of  Columbia  and  to  adjoining  States : 

Section  1.  It  is  hereby  ordered  that  no  cattle  shall,  In  any  manner,  be  removed  from 
the  District  of  Columbia  except  upon  written  permission  from  the  Chief  of  the  Bureau 
of  Animal  Industry  or  the  health  officer  of  the  District  of  Columbia,  which  removal 
sliall  only  be  granted  for  cattle  which  have  successfully  passed  an  official  tuberculin 
test,  or  are  for  immediate  slaughter  at  an  establishment  at  which  United  States  meat 
Inspection   is   maintained. 

Sec.  2.  Any  person,  firm,  or  corporation  desiring  to  bring  any  cattle  into  the  District 
of  Columbia,  except  as  provided  in  section  3,  paragraph  (c),  shall  first  make  appli- 
cation and  obtain  a  permit  from  the  Chief  of  the  Bureau  of  Animal  Industry  or  from 
the  health  officer  of  the  District  of  Columbia.  The  said  application  shall  be  in  writing, 
stating  the  number,  sex,  and  the  age  of  the  cattle,  whether  over  or  under  6  months 
old,  the  exact  place,  date,  and  time  at  which  it  Is  desired  to  enter  said  cattle,  and  their 
destination  within  the  District  of  Columbia,  together  with  a  declaration  showing  clearly 
the  purpose  for  which  the  cattle  are  desired  to  be  entered,  whether  for  immediate 
slaughter,  feeding  or  breeding  purposes,  or  for  milk  production. 

Sec.  3.  (a)  Cattle  offered  for  entry  into  the  District  of  Columbia  must  be  accom> 
panled  by  a  permit,  as  providi>d  in  section  2,  and  must  be  Identified  by  an  official  vete- 
ranarian  of  the  Bureau  of  Animal  Industry  or  of  the  health  department  of  the  District 
of  Columbia,  and  must  be  appropriately  tagged  before  entrance  Is  permitted,  except  as 
provided  in  paragraph  (c)  of  this  section. 

(&)  Cattle  over  6  months  old.  for  purposes  other  than  immediate  slaughter,  unless 
accompanied  by  a  satisfactory  certificate  of  tuberculin  test  by  a  veterinary  inspector 
of  the  Bureau  of  Animal  Industry  or  an  official  veterinarian  of  the  health  department 
of  the  District  of  Columbia  or  of  the  State  from  which  brought,  must  be  immediately 
taken  after  identification,  as  provided  In  paragraph  (a)  of  this  section,  to  a  place 
designated  by  the  Chief  of  the  Bureau  of  Animal  Industry  or  health  officer  of  the 
District  of  Columbia,  and  there  quarantined  apart  from  all  other  cattle  until  officially 
tuberculin  tested  and  disposed  of  In  accordance  with  these  regulations :  -Provided, 
That  no  indemnity  shall  be  allowed  for  such  cattle  as  shall  be  slaughtered  on  account 
of  their  being  deemed  to  be  tuberculous.  When  accompanied  by  certificate  of  tuberculin 
test,  as  Iiereln  provided,  the  said  certificate  must  show  the  place  and  the  date,  within 
thirty  days,  of  being  offered  for  entry,  of  Inspection  and  tuberculin  testing,  also  tem- 
perature chart,  description  of  the  animal  or  animals,  age,  markings,  and  tag  numbers, 
if  tagged. 

(c)  Cattle  for  immediate  slaughter  may  enter  the  District  of  Columbia  if  tagged  in 
accordance  with  paragraph  (a)  and  without  the  tuberculin  test,  on  condition  that 
the  tac  therein  provided  for  shall  remain  attached  to  the  hide  until  removed  in  the 
presence  of  an  employee  of  the  Bureau  of  Animal  Industry  or  of  the  health  depart- 
ment of  the  District  of  Columbia,  to  either  of  whom  it  shall  be  delivered.  The  owner 
of  the  animal  at  the  time  of  slaughter  is  hereby  required  to  notify  the  Chief  of  the 
Bureau  of  Animal  Industry  or  the  health  officer  of  the  District  of  Columbia,  stating  the 
place  where  the  hides  will  be  found.  If  shipped  In  cars  and  consigned  direct  to  an  estab- 
lishment having  United  States  meat  inspection,  cattle  for  Immediate  slaughter  may  enter 
the  District  of  Columbia  without  complying  with  section  2  and  section  3,  paragraph  (o)  : 
Provided,  however.  That  the  consignee  shall  keep  a  complete  record  of  each  animal  re- 
ceived, date  of  receipt.  Its  place  of  origin,  railroads  traversed,  name  of  shipper,  and 
butcher  class  to  which  each* animal  belongs,  and  shall  report  the  same  before  the  slaughter 
of  any  such  animals  to  the  Chief  of  the  Bureau  of  Animal  Industry  through  the  veter- 
inary Inspector  stationed  at  that  establishment. 

(d)  Cattle  under  6  months  old,  for  purposes  other  than  immediate  slaughter,  when 
not  accompanied  by  certificates  as  indicated  In  paragraph  (b),  may  be  brought  into  the 
District  of  Columbia  as  provided  In  paragraph  (a),  but  said  cattle  must  be  accompanied 
by  affidavits  by  the  breeder  or  feeder  and  by  the  owner  or  shipper ;  said  affidavits  to 
state  that  tuberculosis  has  not  been  known  to  exist  on  the  premises  during  the  six 
months  Immediately  preceding  the  offer  for  entry,  upon  which  said  animals  have  been 
kept. 

Sec.  4.  Cattle  over  6  months  old  already  within  the  District  of  Columbia  shall  be 
inspected  and   tuberculin   tested   by   a  veterinary   inspector  of  the   Bureau   of  Animal 
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Industry  or  of  the  health  department  of  the  District  of  Columbia.  Cattle  under  6 
months  old  shall,  in  the  same,  manner,  be  inspected,  and  when  deemed  necessary 
shall  be  tuberculin  tested,  said  inspection  and  tuberculin  testing  to  be  repeated  annually, 
or  at  such  times  as  the  Chief  of  the  Bureau  of  Animal  Industry  or  the  health  officer 
of  the  District  of  Columbia  may  direct.  All  such  cattle  shall  be  officially  tagged  "  U.  S. 
B.  A.  I.,"  with  a  serial  number,  or  "  U.  S.  B.  A.  I.,  Reacted,"  with  a  serial  number. 

Sec.  5.  All  cattle  already  within  the  District  of  Columbia  which  are  deemed  to  be 
tuberculous,  either  as  a  result  of  physical  examination  or  the  tuberculin  test,  shall  be 
slaughtered  within  a  time  and  at  a  place  designated  by  the  Chief  of  the  Bureau  of 
Animal  Industry  or  the  health  officer  of  the  District  of  Columbia,  and  shall  be  subject 
to  official  post-mortem  inspection,  and  the  carcass  of  any  such  animal  shall  be  disposed 
of  according  to  the  meat-Inspection  regulations  of  the  Bureau  of  Animal  Industry. 
All  such  cattle  shall  be  appraised  before  being  slaughtered,  the  owners  to  be  indemni- 
fied as  hereinafter  provided  from  any  ayallable  appropriation  made  by  Congress  for 
the  Bureau  of  Animal  Industry  of  the  United  States  Department  of  Agriculture  for 
carrying  out  the  provisions  of  the  act  of  May  29,  1884,  except  as  specified  in  section 
8  of  these  regulations:  Provided,  That  no  liability  shall  be  incurred  under  these 
regulations  by  the  United  States  Department  of  Agriculture  in  excess  of  the  funds 
available  from  the  aforesaid  appropriation  of  Congress,  and  whenever  the  Chief  of 
the  Bureau  of  Animal  Industry  shall  deem  it  necessary  or  advisable,  because  of  the 
lack  of  funds  for  the  aforesaid  purpose,  he  shall  notify  the  health  officer  of  the 
District  of  Columbia  to  that  effect,  and  thereafter  no  liabilities  shall  accrue  against  the 
United  States  on  account  of  any  act  done  or  permitted  under  these  regulations. 

Sec.  6.  (a)  The  health  officer  of  the  District  of  Columbia  shall  designate  or  request 
the  Chief  of  the  Bureau  of  Animal  Industry  to  designate  an  appraiser,  who  shall 
appraise  each  animal  within  five  days  prior  to  the  date  of  slaughter,  basing  the  amount 
upon  the  class  and  market  value  of  the  animal  at  the  time  of  the  appraisal,  whether 
for  breeding  purposes  or  for  meat  or  milk  production.  Animals  reacting  to  the  tuber- 
culin test  but  not  exhibiting  any  physical  evidence  of  tuberculosis  shall  be  appraised 
without  considering  the  presence  of  a  diseased  condition,  but  animals  exhibiting  any 
physical  evidence  of  tuberculosis  shall  be  appraised  as  diseased  animals.  The  amount 
of  appraisal  shall  not  in  any  case  exceed  the  sum  of  seventy-five  dollars  for  a  purebred 
and  registered  animal,  or  the  sum  of  fifty  dollars  for  a  grade  or  nonregistered  animal. 
If  the  amount  of  appraisal  of  any  animal,  as  determined  by  the  appraiser  designated, 
is  not  satisfactory  to  the  owner  or  owners  of  such  animal,  a  written  notice  of  such 
fact,  setting  forth  the  reasons  for  complaint,  shall  be  forwarded  upon  the  day  of 
appraisal  to  the  health  officer  of  the  District  of  Columbia.  The  amount  of  the  appraisal 
shall  then  be  determined  by  arbitrators,  one  to  be  appointed  by  the  health  officer  of 
the  District  of  Columbia  or  the  Chief  of  the  Bureau  of  Animal  Industry  and  one  by  the 
owner  or  owners  of  the  animal  or  animals.  If  the  said  arbitrators  are  not  able  to 
agree  as  to  the  amount  of  appraisal,  a  third  arbitrator  shall  be  appointed  by  them, 
whose  decision  shall  be  final.  Arbitrators  shall  be  paid  at  a  rate  of  compensation  not  to 
exceed  five  dollars  per  diem  and  necessary  expenses.  Compensation  for  the  arbitrator 
appointed  by  the  owner,  and  the  third  arbitrator,  if  appointed,  shall  be  paid  from  the 
fund  of  the  United  States  Department  of  Agriculture  if  the  decision  made  Is  against 
the  arbitrator  appointed  by  the  health  officer  or  the  Chief  of  the  Bureau  of  Animal 
Industry,  but  if  the  decision  is  in  favor  of  such  arbitrator  the  owner  shall  pay  the 
compensation  of  the  arbitrator  appointed  by  him,  and  the  third  arbitrator,  if  appointed. 

(6)  Following  the  appraisal  of  animals.  In  accordance  with  paragraph  (a)  of  this 
section,  the  amount  of  reimbursement  shall  be  determined  by  the  results  of  post- 
mortem inspection  according  to  the  following  rules : 

Rule  1.  If  any  animal  Is  found,  upon  post-mortem  inspection,  not  to  be  affected 
with  tuberculosis,  the  carcass  and  other  edible  portions  shall  be  passed  for  food,  and 
the  owner  shall  sell  the  same,  including  all  accompanying  parts,  for  a  reasonable  price, 
which  price  shall  be  deducted  from  the  amoupt  of  appraisal,  and  the  balance.  If  any, 
thus  remaining  shall  be  paid  from  any  fund  available  for  that  purpose. 

Rule  2.  If  any  animal  is  found,  upon  post-mortem  inspection,  to  be  affected  with  tuber- 
culosis, and  the  lesions  are  such  that  the  carcass  and  parts  of  the  carcass  are  passed  for 
food,  the  owner  shall  sell  the  same,  including  all  accompanying  parts,  for  a  reasonable 
price,  which  price  shall  be  deducted  from  eighty  per  centum  of  the  amount  of  the  ap- 
praisal, and  the  balance,  if  any,  thus  remaining  shall  be  paid  from  any  fund  available  for 
that  purpose. 

Rule  S.  If  any  animal,  upon  post-mortem  inspection.  Is  condemned  for  offal,  the  owner 
shall  sell  the  hide  for  a  reasonable  price,  which  price  shall  be  deducted  from  forty  per 
centum  of  the  amount  of  the  appraisal,  and  the  balance,  if  any,  thus  remaining  shall  be 
paid  from  any  fund  available  for  that  purpose. 

Sec.  7.  Any  premises  upon  which  there  have  been  kept  animals  affected  with  tuber- 
culosis shall  be  disinfected  promptly  after  the  removal  of  such  animals,  and  in  a  manner 
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satisfactory  to  the  Chief  of  the  Bureau  of  Animal  Industry  or  the  health  officer  of  the 
District  of  Columbia,  said  disinfection  to  be  at  the  e]^f>ense  of  the  owner  or  owners  of 
the  premises  or  of  the  owner  of  the  animals. 

8rc.  8.  Any  owner,  shipper,  or  common  carrier  bringing  any  cattle  Into  the  District 
of  Columbia  In  violation  of  these  regulations  will  be  liable  to  prosecution,  and  the  cattle 
shall  be  Immediately  removed,  at  the  owner's  expense,  from  the  District  of  Columbia. 
Such  cattle,  however,  may  remain  in  the  District  of  Columbia  If  Inspected  and  tuber- 
culin tested  under  the  following  conditions :  The  owner  or  owners  shall  first  sign  an 
agreement  providing  for  the  Inspection  and  tuberculin  test  by  a  veterinary  inspector  of 
the  Bureau  of  Animal  Industry  or  of  the  health  department  of  the  District  of  Columbia, 
and  If  any  one  or  more  of  the  said  animals  should  then  be  deemed  tuberculous,  that  he 
or  they  will  cause  such  animals  to  be  slaughtered  In  accordance  with  the  specifications  of 
section  5  of  these  regulations ;  and.  further,  that  no  claim  for  reimbursement  for  any 
loss  which  might  be  thus  sustained  will  ever  be  made  against  the  United  States  Depart- 
ment of  Agriculture,  or  any  other  branch  of  the  United  States  Government,  or  the  Dis- 
trict of  Columbia,  or  any  officer  or  depa»lment  thereof. 

Sec.  0.  Any  person  violating  any  of  the^e  regulations,  or  entering  cattle  by  fraudn- 
tent  means,  or  using  false  or  fraudulent  tags,  or  interfering  In  any  way  with  the  work 
of  any  official,  or  using  any  false  or  fraudulent  means  to  enable  any  cattle  to  pass  the 
tuberculin  test,  shall  be  punished  by  a  fine  of  not  more  than  forty  dollars  nor  less  than 
five  dollars. 

The  foregoing  regulations  shall  go  into  effect  upon  their  approval  by  the  Secretary  of 
Agriculture. 

Uenbt  B.  p.  Hacfabland, 
IlENBY  Lu  West, 
William  V.  Judson, 
Commi88ioner$  of  the  District  of  Columbia. 

Approved,  November  27,  1©09. 

James  Wilson,  Secretary  of  Agriculture. 

Note. — The  States  of  Maryland  and  Virginia  require  tuberculhi  test  for  dairy  and  neat 
cattle  entering  from  other  States. 


Amendment  to  Order  of  the  Commissioners  of  the  District  of  Colombia 
for  the  Suppression  and  Prevention  of  Tuberculosis  in  Cattle. 

Executive  Offictb, 
Commissioners  of  the  District  of  Columbia^ 

Washington,  March  5,  1910. 

Ordered,  That  paragraph  (o)  of  section  3  of  the  order  of  the  Commissioners  of  the 
District  of  Columbia,  of  November  26,  1909,  for  the  suppression  and  prevention  of  the 
spread  of  bovine  tuberculosis  within  the  District  of  Columbia  and  to  adjoining  States, 
is  hereby  amended  to  read  as  follows : 

**(c)  Cattle  for  immediate  slaughter  may  enter  the  District  of  Columbia  if  tagged  in 
accordance  with  paragraph  (a)  and  without  the  tuberculin  test,  on  condition  that  the  tag 
therein  provided  for  shall  remain  attached  to  the  hide  until  removed  In  the  presence  of 
an  employee  of  the  Bureau  of  Animal  Industry  or  of  the  health  department  of  the 
District  of  Columbia,  to  either  of  whom  it  shall  be  delivered.  The  owner  of  the  animal 
at  the  time  of  slaughter  Is  hereby  required  to  notify  the  Chief  of  the  Bureau  of  Animal 
Industry  or  the  health  officer  of  the  District  of  Columbia,  stating  the  place  where  the 
hides  will  be  found,  except  that  cattle  under  6  months  old,  castrated  cattle,  and  cattle 
shipped  in  cars  consigned  direct  to  an  eHtablishment  having  United  States  meat  inspec- 
tion, may  enter  the  District  of  Columbia  for  immediate  slaughter  without  complying  with 
section  2  and  section  3,  paragraph  (a)  :  Provided,  however.  That  the  consignee  at  any 
official  establishment  shall  keep  a  complete  record  of  each  animal  received,  date  of 
receipt,  its  place  of  origin,  railroads  traversed,  name  of  shipper,  and  butcher  class  to 
which  each  animal  belongs,  and  shall  repori  the  same  before  the  slaughter  of  any  such 
animals  to  the  Chief  of  the  Bureau  of  Animal  Industry  through  the  veterinary  inspector 
stationed  at  that  establishment." 

The  foregoing  amendment  shall  go  into  effect  upon  its  approval  by  the  Secretary  of 
Agriculture. 

CuNo    n.    Rudolph, 
JoH.N  A.  Johnston, 

W.      V.      JlDSON, 

Commissioners  of  the  District  of  Columbia. 
Approved  March  8,  1910. 

James  Wilson, 
Secretary  of  Agriculture. 
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Abattoirs.    {See  Slaughterhouses.)  P^go. 

Aberdeen- Angus  cattle,  origin 161 

Actinomycosis — 

condemnations  at  slaughter,  number,  fiscal  year 63 

prevalence  in  Honduras 291 

Agglutination — 

and  complement-fixation  tests  for  glanders,  combination 369 

method  of  dia^osing  glanders 356 

Alabama,  cooperative  beet-production  work,  remarks 32 

Aldemey  cattle,  origin  and  nistory 227 

American — 

carriage  horses,  classification  by  bureau,  remarks 27 

cattle,  classification  of  breeds 232 

cattle,  origin  and  history 227 

Animal — 

breeding,  effect  of  maternal  impressions  on  offspring 126 

breeding,  experiments  in  crossing  distinct  types 176 

breeding,  laws  governing 174 

breeding,  line  breeding  and  cross-fertilization 179 

diseases  in  foreign  countries 514-524 

diseases  in  Honduras,  general  conditions 290 

Husbandry  Division,  organization  and  synopsis  of  work 525 

Husbandry  Division,  work  of  fiscal  year 25-46 

industry  of  Honduras,  article  by  William  Thompson  and  James  E.  Down- 
ing   285-295 

nutrition,  cooperative  work  of  fiscal  year,  note 32 

•  Animals  {see  also  Live  stock) — 

and  animal  products,  imports  and  exports,  1908-1910 508 

contagious  diseases,  control,  work  of  nscal  year 17, 66 

contagious  diseases  in  foreign  countries 514-524 

domesticated,  origin  of  breeds  of,  and  principles  of  breeding,  article  by 

J.  Cossar  Ewart 125-186 

for  export,  number  inspected,  fiscal  year 68 

import,  from  Asia  and  Africa,  prohibition  order 548 

import,  inspected  and  quarantined,  number,  fiscal  year 69-70 

purebred,  certification  of,  regulations 548, 552 

purebred,  list  of  breeds  certified 549-551 

transportation  of,  legislation  needed  for  better  regulation 23 

Ante-mortem  inspections  of  animals  for  slaughter,  number,  fiscal  year 62 

Anthrax,  laboratory  work  of  fiscal  year 82 

Armv — 

breeding  horses  for 21, 34 

horse  breeding,  number  and  distribution  of  stallions 42 

horse  breeding,  relation  to  present  breeding  work  of  bureau 122 

horse  breeding,  selection  oi  breeding  districts 42 

horses,  contract  system  of  purchase 39, 114 

horses,  early  methods  of  procuring 36 

horses,  establishment  of  remount  depots 40, 114 

horses  of  the  Civil  War 106 

horses,  number  required  on  peace  and  war  footing 112 

horses,  plan  for  breeding 41, 119 

remount  problem,  article  by  George  M.  Rommel 103-124 

remounts,  average  cost,  fiscal  years  1909-1911 116 

remounts,  cost  of  proposed  plan  for  breeding. 46 

remounts,  method  of  purchasing  stallions 45, 114 

remounts,  system  of  procuring 45, 114 
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Arsenic,  effect  on  cattle  and  ticks  in  bureau  dipping  experiment 270-279 

Arsenical  dips,  use  in  tick  eradication,  article  oy  B.  H.  Kanriom  and  H.  W, 

Graybill 267-284 

Artillery  horses,  average  cost,  fiscal  years  1909-191 1 116 

Aurochs  and  urus,  history  and  description 200 

Austria-Hungary — 

horse-breed  mg  methods 104 

status  of  conta^^ious  diseases  of  animals  in  1910 515 

Auto-inoculation  method  for  diagnosing  glanders 349 

Bacon  and  hams,  exporti»,  1908-i910 509 

Bacteria  in  cream  after  pasteurization,  number 309 

Barbados  sheep,  breeding  experiments,  note  on  progress 28 

Beef— 

and  beef  products,  exports,  1908-1910 509 

canned  under  supervision,  quantity,  fiscal  year 64 

certified  for  export,  quantity,  fiscal  year 65 

condemned  on  reinspection,  quantity,  fiscal  year 64 

placed  in  cure,  quantity,  fiscal  year 64 

prices  at  home  and  foreign  markets,  1908-1910 504 

production  investigations,  work  of  fiscal  year 32 

Belgium,  status  of  contagious  diseases  of  animals  in  1910 516 

Berg,  W.  N.,  L.  A.  Rogers,  and  Brooke  J.  Da\i8,  article  on  "The  temperature 

ot  pasteurization  for  butter  making  '* 307-326 

Berlin  meat  prices,  wholesale,  monthly,  1908-1910 503-508 

Bighead  of  sheep,  work  of  fiscal  year 80 

Biochemic  Division — 

organization  and  synopsis  of  work 526 

work  of  fiscal  year 89-96 

Bison,  European,  history  and  description 200 

Blackleg — 

in  Honduras,  prevalence,  note 291 

vaccine,  distnbution  and  resultSj  fiscal  year 83 

Blood-transfusion  method  of  preventmg  tuberculosis  in  cattle 342 

"Bob  veal,"  laboratory  examination,  remarks 88 

BodOy  flagellate  protozoan,  description 482 

Bos,  description  of  genus  and  five  subgenera 190 

Bovidffi — 

geological  position  of 190 

historical  sKetch  of 188 

Bovine  tuberculosis  in  District  of  Columbia,  suppression,  order  of  commis- 
sioners   554 

Breeding — 

animal,  effect  of  maternal  impressions  on  offspring 126 

animal,  effects  of  environment 138 

animal,  importance  of  knowing  ancient  characteristics 152 

animal,  line  breeding  and  cross-fertilization 179 

animal,  the  "infection"  doctrine,  experiments 132 

animal,  the  theory  of  producing  new  strains 152 

animal,  transmission  of  acquired  characters 138 

"best  to  best" 184 

experiments  in  crossing  distinct  types 176 

experiments  in  relation  to  telegony 129 

experiments  of  bureau,  fiscal  year 26 

horses  for  the  Army,  early  methods 36 

horses  for  the  Army,  proposed  plan 41, 119 

horses  for  the  Army,  selection  of  breeding  districts 42 

horses,  methods  in  Europe 103 

hybrid  poultry,  progress  of  work 30 

of  animals,  laws  governing 174 

of  do^,  remarkable  case  of  reversion 135 

principles  of,  and  origin  of  domesticated  breeds  of  animals,  article  by  J. 

CossarEwart 125-186 

sheep  and  goats,  work  of  fiscal  year 27 

to  type 185 
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Breeds — 

and  purebred  animals,  certification  of,  regulations 548, 552 

certified  by  bureau,  list 549-551 

modern,  of  cattle,  classification 228 

modem,  of  cattle,  origin  of 212 

of  domesticated  animals,  origin,  and  principles  of  breeding,  article  by 

J.  Cossar  Ewart 125-186 

British  cattle,  classification  of  breeds 231 

Buckley,  John  S.,  and  Thomas  Castor,  article  on  "The  regional  lymph  glands  of 

food-producing  animals" 371-400 

Bureau  of  Animal  Industry — 

Editorial  OflSce,  synopsis  of  work 529 

Experiment  Station,  synopsis  of  work 529 

Experiment  Station,  work  of  fiscal  year 99 

force,  economical  features  of  management,  remarks 17 

needed  legislation,  recommendations 23 

new  experiment  fann,  remarks 22 

number  of  employees  in  service  July  1,  1910 11 

organization  and  work 525-529 

proposal  to  include  in  new  department  of  public  health,  remarks 15 

publications  during  fiscal  year,  number  and  kind 25 

publications  in  1910,  list 529 

report  of  chief 11-102 

rules  and  regulations  issued  in  1910 532 

Butter- 
farm,  investigation  of  poor  condition,  note 56 

for  the  Navy,  inspection  during  fiscal  year 53 

imports  and  exports,  1908-1910 509, 510 

in  pasteurization  experiments,  results  of  scoring 322 

investigations,  laboratory  work  of  year 55 

legal  standards  by  States 511 

making,  temperature  of  pasteurization  for,  article  by  L.  A.  Rogers,  W.  N. 

Berg,  and  Brooke  J.  Davis 307-326 

market  inspection,  work  of  fiscal  year 51 

"metallic     flavor,  note 56 

quality  of,  as  affected  by  temperature  of  pasteurization  of  cream 324 

renovated,  inspection,  remarks 60 

renovated,  quantity  inade  and  exported ,  fiscal  year 61 

renovated,  supervision  of,  need  for  further  legislation 24 

tests  for  tubercle  bacilli,  work  of  fiscal  year 101 

Butterine  prepared  under  supervision,  quantity,  fiscal  year 64 

Buttermilk — 

enzyms,  method  of  determining  galactase 315 

feeding  of  hogs  by  creameries,  results 301 

By-products — 

of  creameries,  development  of  manufacture,  remarks 53 

of  creamery,  utilization,  article  by  S.  C.  Thompson 297-306 

Caderas,  horse  disease  of  South  America,  description,  cause,  etc 478 

Cadzow  cattle,  origin 161 

Calves — 

ante-mortem  inspections,  number,  fiscal  year 62 

condemned  at  post-mortem,  number  and  cause,  fiscal  year 63 

laboratory  examination  of  "bob-veal,"  remarks 88 

Camembert  cheese,  enzym  experiments,  remarks 59 

Carriage-horse  breeding  work  of  bureau,  fiscal  year 26 

Carriage  horses,  average  prices  at  Chicago,  1904-1910 .       502 

Casein,  dried,  manufacture  bv  creameries 304 

Castor,  Thomas,  and  John  S.  Buckley,  article  on  "The  regional  lymph  glands  of 

food-producing  animals  " 371-400 

Catalase  in  pasteurized  cream,  tests 314 

Cattle- 
American,  origin  and  history 227 

and  sheep  parasites,  map  showing  kind  rei)orted  from  each  State 461 

and  sheep,  parasitic  diseases  of,  distribution  and  importance,  article  by 
Maurice  C.  Hall 419-463 
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and  sheep,  scabies,  work  of  fiscal  year 20,67 

ante-mortem  inspections,  number,  fiscal  year 62 

breeding,  early  niBtory,  and  classification  of  breeds 214 

breeding  experiments  of  bureau,  work  of  fiscal  year 28 

British,  classification  of  breeds 231 

British,  for  export  to  United  States,  results  of  tuberculin  test,  fiscal  year. . .        70 

Canadian,  tuberculin  test  requirement,  regulations 546, 547 

condemned  at  post-mortem,  number  and  cause,  fiscal  year 63 

dairy  and  breeaing,  in  interstate  movement,  results  of  tuberculin  test,  fiscal 

year 71 

dairy,  in  Honduras,  conditions 292 

dairy,  results  of  tuberculin  test,  fi«cal  year 72-73 

depicted  on  Vaphid  cups,  description ^ 199 

derivation  and  meaning  of  term 188 

dipping  in  arsenical  dips,  method 283 

dips,  arsenical,  composition  of  bureau  dip 280 

dips,  arsenical,  effect  on  animals 270 

dips,  arsenical,  Mayo's  formulas 268 

dips,  arsenical,  method  of  applyinpj 281 

domesticated,  ancestry  of,  article  by  E .  W.  Morse 187-239 

domesticated,  origin 156 

Egyptian,  history  and  characteristics 215 

European,  modem,  history  of 218 

feeding,  methods  in  Honduras 293 

for  export,  number  inspected,  fiscal  year 68 

imports  and  exports,  1908-1910 509, 510 

imports,  number  inspected  and  q^uarantined,  fiscal  year 69-70 

in  Honduras,  number  and  condition 294 

in  Honduras,  state  of  the  industry : 289 

mange,  dipping  experiments,  remarks 97 

modem  breeds,  classification 228 

modern  breeds,  origin  of 212 

of  prehistoric  Europe,  history 216 

passed  and  condemned  at  meat  inspection,  number,  fiscal  year 63 

polled,  origin  and  characteristics 210 

post-mortem  inspections,  number,  fiscal  year 63 

prices,  average  and  range,  at  ( hicago,  1898-1910 500-501 

purebred,  list  of  breeds  certified 550 

relation  of  extinct  species  to  ancestry  of 192 

scabies,  control  work  of  fiscal  year 67 

scabies,  regulations  issued  in  1910 534, 535 

shipped  from  Texas  fever  q uarantine  area,  number,  fiscal  year 66 

tuberculosis  in  District  of  Columbia,  suppression,  order  of  commissioners..      554 
vaccination  gainst  tuberculosis,  article  by  E.  C.  Schroeder,  W.  E.  Cotton, 

John  R.  Mohler,  and  Henry  J.  Washbum 327-343 

vaccination  against  tuberculosis,  review  of  recent  work 327 

vaccination  against  tuberculosis,  work  of  fiscal  year 100 

Cattle  tick  (see  also  Texas  fever) — 

eradication,  intercounty  quarantines 261 

eradication,  necessary  to  prosperity  of  South 262 

eradication,  obstacles  to  progress 259 

eradication,  probable  cost  to  complete  work 265 

eradication,  progress  and  prospects,  article  by  Cooper  Curtice 255-265 

eradication,  prospects  for  future 263 

eradication,  results  of  5  years'  work 256 

eradication,  some  ineflScient  methods '. 260 

eradication,  total  area  cleared 18 

eradication,  use  of  arsenical  dips,  article  by  B.  H.  Ransom  and  H.  W. 

Graybill 267-284 

eradication,  work  of  fiscal  year 66 

Cattle  ticks — 

arsenical  dips,  composition  and  method  of  applying 541 

detrimental  to  soutnem  cattle  industry,  remarks 18 

distribution,  map  of  area  quarantined 427 

effects  of  arseniad  dips  on 273 
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Cattle  ticks— Continued .  Case- 
in Honduras,  conditions  found 290 

on  horses  imported  from  Mexico,  regulation 632 

quarantine  regulations  for  Texas  fever  issued  in  1910 535, 642 

work  of  eradication,  fiscal  year 17, 66 

Cavalry — 

bureau,  operations  during  Civil  War 38 

horses,  average  cost,  fiscal  years  1909-1911 116 

Cercomonas,  flagellate  protozoan,  description 481 

Certification  of  breeds  and  purebred  animals,  regulations 648, 552 

Cervical  lymph  glands,  description,  location,  etc 380 

Cheddar — 

cheese  investigations,  work  of  fiscal  year 58 

cheese  made  from  pasteurized  milk,  reeults '. ~      59 

Cheese — 

imports  and  exports,  1908-1910 509, 510 

investigations,  laboratory  work  of  fiscal  year 58 

legal  standards  by  States 511 

made  from  pasteurized  milk,  experiments,  remarks 59 

making  in  Honduras,  note 292 

molds,  laboratory  work  of  fiscal  year 60 

soft,  laboratory  work  of  fiscal  year 59 

Chicago — 

dairies,  result  of  inspection 54 

meat  prices,  wholesale,  monthly,  1908-1910 503-508 

prices  of  live  stock 500-502 

Cholera,  hog.    (See  Hog  cholera.) 

Chronic  bacterial  dysentery,  work  of  fiscal  year 80 

Ciliata,  protozoan  parasites,  description 498 

Clydesdale  and  Shire  horses,  origin 172 

Coccidia,  protozoan  parasites,  description,  life  history,  etc 485 

Coccidiosis  in  bureau  poultry  at  experiment  station,  note 31 

Colorado  horse-breeding  work  of  bureau,  fiscal  year 26 

Commission,  departmental,  on  meat  inspection,  views,  remarks 13 

Complement-fixation — 

and  agglutination  tests  for  glanders,  combination 369 

and  mallein  tests  for  glanders,  comparison  of  results 368 

test  for  diagnosing  glanders,  method 364 

test  for  glanders,  interpretation  of  results 367 

Contagious  diseases  of  animals — 

control  and  eradication,  work  of  fiscal  year 17, 66 

diseases  of  poultry,  work  of  fiscal  year 85 

in  foreign  countries 514-524 

in  Honduras,  conditions  found  on  investigation 290 

in  Honduras,  r6sum6 76 

in  Porto  Rico  and  Hawaii,  work  of  fiscal  year 75-76 

parasitic  diseases  of  sheep  and  cattle,  distribution  and  importance,  article 

by  Maurice  C.  Hall 419^63 

Com  and  buttermilk  feeding  of  hogs  by  creamery,  results 302 

Costia,  flagellate  protozoan,  description 482 

Cottonseed — 

meal,  effect  of  feeding  to  laying  hens,  note 31 

products,  laboratory  mvestigations,  remarks 89 

Cotton,  W.  E.,  E.  C.  Schroeder,  John  R.  Mohler,  and  Henry  J.  Washburn, 

article  on  "The  vaccination  of  cattle  against  tuberculosis  " 327-343 

Cow  ponies  in  West,  decadence,  remarks 36 

Cows  aild  heifers,  prices,  average  and  range,  at  Chicago,  1898-1910 500-501 

Cow-testing  associations,  work  of  fiscal  year 50 

Crawley,  Howard,  article  on  * '  The  protozoan  parasites  of  domestic  animals  " . .  466-498 
Cream — 

for  butter  making,  method  of  pasteurizing : .      307 

for  butter  making,  temperature  of  pasteurization,  article  by  L.  A.  Rogers, 

W.N.  Berg,  and  Brooke  J.  Davis 307-326 

grading  by  creameries,  necessity  for 52 

ice,  manufacture  by  creameries 299 

legal  standards  by  States 511 

ao__ii 30 
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pasteurization,  bacteriological  resulta 308 

pasteurization,  effect  of  temperature  on  quality  of  butter 324 

pasteurized,  tests  for  enzyms 310 

shipped  interstate,  legislation  needed  for  control 24 

sour,  neutralizing  wim  lime,  remarks 56 

supplied  to  creameries,  work  to  improve  quality,  remarks 50 

sweet,  sale  by  creameries 298 

Creameries — 

feeding  buttermilk  to  h(^ 301 

feeding  swine,  various  methods 303 

grading  of  cream,  necessity  for 52 

handling  eggs,  methods 305 

manufactiu^  of  dried  casein  by 304 

manufacture  of  ice  by 306 

manufacture  of  ice  cream  in 299 

Creamery — 

by-products,  development,  remarks 53 

investigations,  work  of  fiscal  year 52 

management,  estimate  of  losses 52 

patrons,  work  to  improve  quality  of  cream,  remarks 50 

profits,  increase  by  handling  special  products  and  utilizing  by-products, 
article  by  S.  C.Thompson 297-306 

CrUhuHaf  flagellate  protozoan,  description 481 

Cryptohiay  flagellate  protozoan,  description 480 

Curtice,  Cooper,  article  on  "Progress  and  prospects  of  tick  eradication" 255-265 

Dairy — 

and  breeding  cattle  in  interstate  movement,  results  of  tuberculin  test, 

fiscal  year 71 

architecture  and  engineering,  work  of  fiscal  year 61 

cattle,  British,  for  export  to  United  States,  results  of  tuberculin  test,  fiscal 

year 70 

cattle  in  Honduras,  conditions 292 

cattle,  results  of  tuberculin  test,  fiscal  year 72-73 

cattle,  vaccination  against  tuberculosis,  article  by  E.  C.  Schroeder,  W.  E. 

Cotton,  John  R.  Mohler,  and  Henry  J.  Washburn 327-343 

cows,  value  of  keeping  herd  records 47 

cow-testing  association  in  Michigan,  result  of  work 51 

cow-testing  associations,  work  of  fiscal  year 50 

Division,  organization  and  synopsis  of  work 526 

Division^  work  of  fiscal  year 46-61 

farming  mvestigations,  work  of  fiscal  year 47 

farms,  mspection  by  score  card,  work  of  fiscal  year 54 

industry  in  Honduras,  remarks 292 

industry  in  South,  progress  of  field  work 48 

industry  in  West,  work  in  interest,  fiscal  year * 50 

manufacturing  investi^tions,  work  of  fiscal  year 51 

products,  interstate  shipments,  legislation  needed  for  control 24 

products,  legal  standards  by  States 511 

research  laboratories,  work  of  fiscal  year 55 

score-card  inspection,  work  of  fiscal  year 54 

Davis,  Brooke  J.,  L.  A.  Kogers,  and  W.  W .  Berg,  article  on  "The  temperature 
of  pasteurization  for  butter  making  " 307-326 

Day,  L.  Enos,  article  on  "Primary  splenom^aly  in  sheep  " 415-418 

Delaine  Merino  sheep  breeding  at  Bureau  Experiment  Station,  progress 28 

Denmark — 

cattle  of,  origin  and  history 224 

status  of  contagious  diseases  of  animals  in  1910 516 

Dex>artment  of  public  health,  new,  criticism  of  certain  proposed  features 15 

Dips — 

and  disinfectants,  laboratory  work  of  fiscal  year 93 

arsenical,  composition  of  bureau  dip 280 

arsenical,  effects  on  cattle 270 

arsenical,  effects  on  ticks 273 

arsenical,  for  cattle,  composition  and  method  of  applying 541 

arsenical,  Mayo*s  formulas 268 

arsenical,  method  of  applying 281 
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arsenical,  method  of  handling  cattle 283 

arsenical,  protective  action  on  cattle 278 

arsenical,  use  in  tick  eradication,  article  by  B.  H.  Ransom  and  H.  W.     . 

Graybill 267-284 

arsenical,  used  in  bureau  work,  composition 268 

sheep,  investigation  of  losses 93 

Disease  in  meat,  definition  of  term 13 

Diseases — 

of  animals,  conta^ous  {see  Contagious  diseases  of  animals). 

of  animals  in  foreign  countries 514-524 

of  poultry,  work  of  fiscal  year 85 

parasitic,  of  sheep  and  cattle,  distribution  and  importance,  article  by 

Maurice  C.  Hall 419-463 

Disinfection  of  live-stock  cars,  legislation  needed 24 

District  of  C-olumbia — 

cattle  tuberculosis,  order  of  commissioners  for  suppression 554 

eradication  of  bovine  tuberculosis 20, 73 

Dog  breeding,  remarkable  case  of  reversion 135 

Dogs,  breeding  experiment  with  two  distinct  types  of  animals 176 

Dourine  of  horses,  description  and  characteristices 479 

Downing,  James  E.,  and  William  Thompson,  article  on  *'The  live-stock  indus- 
try of  Honduras" 285-295 

Draft  horse  in  United  States,  development 107 

Draft  horses,  average  prices  at  Chicago,  1904-1910 502 

Editorial  Office  of  bureau,  synopsis  of  work 529 

Eggs — 

handling  and  marketing,  investigation  of  methods,  remarks 32 

handling  through  creameries 305 

imports  and  exports,  1908-1910 509, 510 

production  of,  breeding  work  of  bureau 30 

production  of,  effect  of  various  feeding  systems,  note 31 

Egyptian  cattle,  history  and  characteristics 215 

Eichhom,  Adolph — 

and  John  R.  Mohler,  article  on  **  Various  methods  for  the  diagnosis  of  glan- 
ders"  345-370 

article  on  **The  preparation  of  hog-cholera  serum  in  Hungary  " 401-413 

Employees,  number  in  service  of  bureau  July  1,  1910 11 

England,  cattle  of,  ori^n  and  history 225 

Environment  in  breeding,  effects  of 138 

Enzyms  in  pasteurized  cream,  testa 310-322 

Eradication  of  cattle  ticks,  progress  and  prospects,  article  by  Cwper  Curtice.  255-266 
Eradication  of  cattle  ticks,  use  of  arsenical  dips,  article  by  B.  H.  Ransom  and 

H.  W.  Graybill 267-284 

Establishments  and  cities  having  meat  inspection,  number,  1891-1910 62 

Europe,  modem,  cattle  of,  history 218 

Europe,  prehistoric,  cattle  of,  history 216 

Ewart,  J.  Cossar,  article  on  **The  principles  of  breeding  and  the  origin  of  domes- 
ticated breeds  of  animals" 125-186 

Experiment  farm,  new,  for  bureau,  remarks 22 

Experiment  Station  of  bureau,  synopsis  of  work 529 

Exports  and  imports  of  animals  and  animal  products,  1908-1910 508 

Farm  butter,  investigation  of  poor  condition,  note 56 

Farm,  experimental,  new,  for  oureau,  remarks 22 

Fasciola  nepatica,  liver  fluke  of  sheep,  description,  distribution,  etc 428 

Fasdola  magnay  liver  fluke  of  sheep  and  cattle,  description,  distribution,  etc..      432 

Fattening  swine  in  Hungary,  method 402 

Feeding — 

cattle  in  Honduras,  methods 293 

for  beef  in  Alabama,  progress  of  work 32 

stations  for  noninfected  southern  cattle,  location 640 

swine  by  creameries,  various  methods 303 

systems  for  egg  production  in  poultry,  note 31 

Fixation  test  for  diagnosing  glanders  (see  Complement-fixation  test) . 

Flagellata,  protozoan  parasites,  description,  classification,  etc 472 

Flukes,  liver,  of  sheep,  description,  distribution,  etc 428 
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cattle  of,  origin  and  history 224 

horse-breeding  methods 103 

status  of  contaefious  diseases  of  animals  in  1910 517 

Gadfly  of  sheep  (CEstrus  ovis),  description,  distribution,  etc 453 

Galactase  in  pasteurized  cream,  tests 315 

Galloway  cattle,  origin 161 

Germany — 

cattle  of,  origin  and  history 222 

horse-breeding  methods 103 

status  of  cont^ious  diseases  of  animab  in  1910 517 

Gid- 

bladderworm  of  sheep,  description,  distribution,  etc 436 

in  sheep,  work  of  fiscal  year 21, 96 

of  sheep,  order  prohibiting  imports  of  sheep  dogs 553 

tapeworm,  dewription,  distribution,  etc 437 

Glanders — 

agglutination  method  of  diagnosis 356 

auto-inoculation  method  of  diagnosis 349 

complement-fixation  test,  method 364 

control  work  of  fiscal  year 67 

diagnosis  by  guinea-pi^  inoculation ; 351 

diagnosis  by  precipitation  reaction,  method 360 

diagnosis,  combination  of  complement-fixation  and  agglutination  testa 369 

diagnosis,  comparison  of  results  with  complement-fixation  and  mallein 

testa 368 

laboratory  work  of  fiscal  year 82 

mallein  tests,  details  of  methods 351 

physical  manifestations 345 

post-mortem  appearances 347 

various  methmis  for  diagnosis,  article  by  John  R.  Mohler  and  Adolph 

Eichhorn 345-370 

Glands,  lymph,  of  animals,  description,  functions,  etc 373 

Glands,  lymph,  regional,  of  food-producing  animals,  article  by  John  S.  Buckley 

and  Thomas  Ca^^tor 371-400 

Goat  and  sheep  investigations,  work  of  fiscal  year 27 

Goats — 

ante-mortem  inspections,  number,  fiscal  year 62 

condemned  at  post-mortem,  number  and  cause,  fiscal  year 63 

inbreeding  experiments 182 

post-mortem  inspec-tions,  number,  fiscal  year '  63 

Gray  bill,  H.  W.,  and  B.  H.  Ransom,  article  on  ''The  use  of  arsenical  dips  in 

tick  eradication" 267-284 

Great  Britain — 

and  Ireland,  status  of  contagious  diseases  of  animals,  1903-1910 518 

cattle  of,  origin  and  history 225 

Greece,  cattle  of,  orij^in  and  history 218 

Guernsey  cattle,  origin  and  history 227 

Hsemonchus  contortuSy  stomach  worm  of  sheep,  description,  distribution,  etc. . .  443 

Hsemosporidia,  protozoan  parasites,  description,  life  nistory,  etc 488 

Hall,  Maurice  ('.,  article  on  **Our  present  knowledge  of  the  distribution  and 
importance  of  some  parasitic  diseases  of  sheep  and  cattle  in  the  United 

States" 419-463 

Health,  public,  proposed  new  department,  criticism 15 

Ucrpetomonas,  flagellate  protozoan,  description 481 

Jlexamitm,  flagellate  protozoan,  description 483 

Heymanns's  method  of  vaccinating  cattle  against  tuberculosis 341 

Hog  cholera — 

condemnations  at  slaughter,  number,  fiscal  year 63 

serum,  amount  produced  and  distributed  in  Hungary' 403 

serum,  experiment  at  Kansas  City 94 

serum,  experiments  with  ''simultaneous "  method  in  Hungary 412 

serum,  Hungarian  method  of  preparation 403, 408 

serum  in  Huneary,  price 412 

serum,  methoa  of  bleeding  ho^  in  Hungary 403 

serum,  method  of  preparation  in  Hungary',  article  by  Adolph  Eichhorn. .  401-413 

serum,  results  of  use  in  Hungary 410 

work  of  fiscal  year 94 

Hogs.      {See  Swine.)                                                                                          ^-^  , 
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animal  diseases  and  conditions,  r^uni6 76 

animal  diseases,  investi^tion ^ 290 

live  stock,  general  conditions 289 

live-stock  industry,  article  by  William  Thompson  and  James  E .  Downing.  285-295 

topography,  climate,  etc 287 

Holstein  cattle  breeding  experiments,  work  of  fiscal  year 28 

Horse — 

breeding  for  speed,  theory 186 

breeding  methods  in  Europe 103 

breeding,  the  **infection'*  doctrine 132 

breeding  work  of  bureau,  relation  to  Army  horse  breeding 122 

Horses — 

American  carriage,  classification  by  bureau,  remarks 27 

and  mxiles  for  export,  number  inspected,  fiscal  year 68 

and  mules  in  Honduras,  number  and  condition 294 

Army,  at  Giesboro  depot  during  Civil  War 38 

Army,  contract  system  of  purchase 39, 114 

Army,  cost  of  proposed  plan  for  breeding 46 

Army,  establisnment  of  remount  depots 40, 114 

Army,  number  reauired  on  peace  and  war  footing 112 

Army,  proposed  plan  for  breeding 21,34 

Army  remounts,  average  cost,  fiscal  years  1909-191 1 116 

breeding,  number  used  by  French  Government 104 

breeding  work  of  bureau,  fiscal  year .^ 26 

domestic,  origin .' 161 

draft,  development  in  the  United  States 107 

for  Army  remoimts,  number  and  distribution  of  stallions 42 

for  Army  remoimts,  selection  of  breeding  districts 42 

for  Army  remounts,  system  of  procuring 45, 114 

"forest,^*  or  Norse,  type,  origin  and  characteristics , 165 

for  mounted  militia,  how  supplied Ill 

for  mounted  police,  number,  value,  etc 109 

for  New  York  mounted  police,  specifications  for  purchase 110 

for  the  Army,  necessity  for  Government  encouragement  of  breeding 35 

for  the  Army,  plan  for  breeding 41, 119 

glanders,  control  work  of  fiscal  year 67 

imports  and  exports,  1908-1910 509, 510 

in  Honduras,  general  conditions 290 

Mexican,  infested  with  ticks,  regulation  of  entry 532 

of  Siwalik  type,  origin  and  characteristics 172 

"plateau,*'  or  Celtic,  type,  origin  and  characteristics 167 

Prejvalsky ,  or  *  *  steppe/'  type,  origin  and  characteristics 170 

prices  at  Chicago,  monthly  and  annual  averages,  1904-1910 502 

purebred,  list  of  breeds  certified 549 

purebred,  number  in  various  States 107 

remounts,  method  of  purchase  in  Europe 105 

swamp  fever  of,  work  of  fiscal  year 79 

the  Army  remount  problem,  article  by  George  M.  Rommel 103-124 

types  used  in  C^l  War 106 

wild  Mongolian,  description 171 

Hungary — 

method  of  preparing  hog-cholera  serum  in,  article  by  Adolph  Eichhom.  401-413 

status  of  conta!gious  diseases  of  animals  in  1910 i.  519 

Ice  manufacture  by  creameries 306 

Ice-cream  manufacture  by  creameries 299 

Iceland  ponies,  characteristics 165 

Imports  and  exports  of  animals  and  animal  products,  1908-1910 508 

Inbreeding  experiments  with  various  animals 181 

India,  status  of  contagious  diseases  of  animals  in  1910 520 

Industry,  live-stock,  of  Honduras,  article  by  William  Thompson  and  James  E. 

Downing 285-295 

"Infection  "  doctrine  in  animal  breeding,  experiments 132 

Inguinal  lymph  glands  of  animals,  description 387 

Ink,  branding,  for  meat  inspection,  quantity  used,  fiscal  year 93 

Inspection — 

and  (quarantine  of  imported  animals,  work  of  fiscal  year 69 

Division,  organization  and  synopsis  of  work 527 
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Division,  work  of  fiscal  year 61-68 

local,  of  meat,  need  for 241 

market,  of  butter,  work  of  fiscal  year*. 51 

of  live  stock  in  transportation,  number  of  violations,  fiscal  year 68 

of  meat.    (See  Meat  inspection.) 

of  sheep  and  cattle  for  scabies,  work  of  fiscal  year 67 

of  vessels  and  export  animals,  work  of  fiscal  year 68 

Ireland — 

cattle  of,  origin  and  history 226 

status  of  contagious  diseases  of  animals,  1903-1910 519 

Italy- 
cattle  of,  origin  and  history 218 

horse-breeding  methods,  note 105 

status  of  contagious  diseases  of  animals  in  1910 521 

Jersey  cattle,  origin  and  history 227 

Kala-azar,  tropical  disease,  description  and  cause 495 

Laboratory — 

meat  inspection,  work  of  fiscal  year 89 

work  in  mterest  of  dairy,  fiscal  year 55 

Lamb,  prices  at  home  and  foreign  markets,  1908-1910 506 

Lamhlia,  flagellate  protozoan,  description 483 

Lambs,  prices,  average  and  range,  at  Chicago,  1898-1910 500, 502 

Lard — 

and  lard  compoimds,  exports,  1908-1910 509 

compound,  substitute,  etc.,  prepared  under  supervision,  quantity,  fiscal 

year 64 

rendered  imder  supervision,  quantity,  fiscal  year 64 

Leishmaniay  parasite  causing  Kala-azar,  description 495 

Lip-and-leg  ulceration — 

in  sheep,  regulations  to  prevent  spread 543, 545 

of  sheep,  work  of  fiscal  year 19, 67, 78 

Lipase  in  pasteurized  cream,  tests 318 

Liver  flukes  of  sheep,  description,  distribution,  etc 428 

Live  stock  (see  also  Animals) — 

industry  of  Honduras,  article  by  William  Thompson  and  James  E.  Down- 
ing  285-295 

in  Honduras,  general  conditions 289 

market  in  1910 499 

sanitary  officers,  list  by  States 512 

transportation,  legislation  needed  for  better  regulation 23 

transportation,  violations  of  law,  number,  fiscal  year 68 

London,  meat  prices,  wholesale,  monthly,  1908-1910 503-^508 

Lymph — 

and  lymph  vessels  of  animals,  description 371 

glands,  of  animals,  description,  functions,  etc 373 

glands,  regional,  of  food-producing  animals,  article  by  John  S.  Buckley  and 
Thomas  Castor 371-400 

Maladie  du  coTt.     (See  Dourine.) 

Malaria  parasite,  lite  history 490 

Mai  de  caderas,  horse  disease  of  South  America,  description,  cause,  etc 478 

Mallein — 

and  complement-fixation  tests  for  glanders,  comparison  of  results 368 

and  tuberculin,  distribution  by  bureau,  fiscal  year 95 

test  for  glanders,  details  of  methods 351 

Mange,  cattle,  dipping  experiments,  remarks 97 

Market,  inspection  of  Dutter,  work  of  fiscal  year 51 

Meat— 

and  products  certified  for  export,  quantity  and  kind,  fiscal  year 65 

canned,  effect  of  storage,  note  on  work  in  progress 92 

canned  under  supervision,  quantity,  fiscal  year 64 

condemned  on  reinspection,  quantity  and  kind,  fiscal  year 64 

disease  in,  definition  of  term 13 

exempted  from  inspection,  quantity,  fiscal  year 65 

for  the  Navy,  quantity  inspected,  nscal  year 66 

inspection .    (Nee  Meat  inspection . ) 

interchanged  oetween  official  establishments,  quantity,  fiscal  year 64 
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partly  diseased,  passed  lor  food,  remarks 12 

placed  in  cure,  quantity,  fiscal  year 64 

prices,  home  and  foreign,  1908-1910 503-608 

production  and  consumption  in  Honduras,  notes 294 

products,  research  work  in  biochemic  laboratory,  fiscal  year 90 

souring  during  curing,  laboratory  work,  note 92 

supply  of  United  States,  proportion  inspected,  remarks 14 

Meat  inspection — 

ante-mortem  inspections,  number,  fiscal  year 62 

branding  ink,  quantity  used,  fiscal  year 93 

condemnations  at  slaughter,  number  and  cause,  fiscal  year 63 

cost,  fiscal  year,  note 11 

establishments  and  cities  where  conducted,  number,  1891-1910 62 

force,  economical  use  in  other  lines,  remarks 17 

for  the  Navy,  quantity,  fiscal  year .*. 66 

importance  of  cervical  lymph  glands 380 

laboratory,  work  of  fiscal  year 89 

localized  aisease,  views  of  departmental  conmiission '. 13 

local,  some  necessary  features 253 

meat  exempted  from  inspection,  quantity,  fiscal  year 65 

meat  interchanged  between  official  establishments,  auantit}^  fiscal  year. .  64 

meats  and  products  certified  for  export,  quantity  ana  kind,  fiscal  year 65 

meats  and  products  prepared  and  processed,  quantity,  fiscal  year 64 

meats  condemned  on  reinspection,  quantity  and  kind,  fiscal  year 64 

need  for  local  inspection 241 

partial  condemnations,  remarks 12 

post-mortem  inspections,  nimiber,  fiscal  year 63 

problems  of  local  inspection w 243 

proportion  of  entire  meat  supply  inspected,  remarks 14 

State  and  municipal,  and  municipal  slaughterhouses,  article  by  A.  D. 

Melvin 241-254 

State  and  municipal,  suggested  methods 245 

unjust  criticism,  note 12 

work  of  fiscal  year 11, 61-66 

Melvin,  A.  D.,  article  on  '* State  and  municipal  meat  inspection  and  municipal 

slaughterhouses" 241-254 

Merino  sheep  breeding  at  Bureau  Experiment  Station,  progress 28 

Mesenteric  lymph  glands  of  animals,  description,  location,  etc 390 

Mexican  horses  infested  with  cattle  ticks,  regulation  of  entry 532 

Michigan  cow-testing  association,  result  of  work 51 

Milch-goat  breeding  experiments  of  bureau,  work  of  fiscal  year 28 

Militia,  mounted  service,  horses  for Ill 

Milk- 
depots,  inspection  by  score  card,  work  of  fiscal  year 54 

examination  for  tubercle  bacilli,  fiscal  year 87 

investigations,  laboratory  work  of  fiscal  year 57 

l^al  standards  by  States 511 

market,  investigations  of  fiscal  year 54 

pasteurization,  work  of  fiscal  year 57 

pasteurized,  use  in  making  cheese 59 

secretion  investigations,  work  of  fiscal  year 57 

tuberculous,  pasteurization,  note 101 

Mohler,  John  R. — 

and  Adolph  Eichhorn,  article  on  *^  Various  methods  for  the  diagnosis  of 

glanders" 345-370 

E.  C.  Schroeder,  W.  E.  Cotton,  and  Henry  J.  Washburn,  article  on  "The 

vaccination  of  cattle  against  tuberculosis" 327-343 

Mongolian  wild  horse,  description 171 

Monocercomonasy  flagellate  protozoan,  description 483 

Moigan  horse  fann ,  breeding  work  of  year 26 

Morse,  E.  W.,  article  on  **Tne  ancestry  of  domesticated  cattle  " 187-239 

Moufion  type  of  sheep,  characteristics 154 

Mules — 

and  horses  for  export,  number  inspected,  fiscal  year 68 

and  horses  in  Honduras,  number  and  condition 294 

MtUticeps  muUiceps,  gid  bladderworm  of  sheep,  description,  distribution,  etc. .  436 
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Municipal — 

meat  inspection,  problems 243 

meat  inspection,  eome  necessary  features 253 

meat  inspection,  suggested  methods 245 

or  central  slaughternouse,  desirability 243 

or  central  slaughterhouse,  plans  and  specifications  for 249 

slaughterhouse  at  Paris,  Tex.,  details  of  construction  and  operation 247 

slaughterhouses,  and  State  and  municipal  meat  inspection,  article  by  A.  D. 

Melvin 241-254 

slaughterhouses,  disposal  of  sewage 252 

slaughterhouses,  value  of  ofifal-rendering  tank 252 

Mutton — 

certified  for  export,  quantity,  fiscal  year 65 

condemned  on  reinspection,  quantity,  fiscal  year 64 

prices  ai  home  and  loreign  markets,  1908-1910 505 

products  prepared  under  supervision,  quantity,  fiscal  year 64 

Nagana,  disease  of  Africa,  descnption 477 

Nashville,  Tenn.,  public  slaughterhouse  at,  cost  and  charges 248 

Navy  butter,  inspection  during  fiscal  year 53 

Necrobacillosis — 

in  sheep,  regulations  to  prevent  spread 543, 545 

in  sheep,  work  of  fiscal  year 19, 78 

Neohipparion,  3-toed  ancient  horse,  description 167 

Netherlands — 

cattle  of,  origin  and  history 222 

status  of  contageous  diseases  of  animals  in  1910 522 

New  York — 

meat  prices,  wholesale,  monthly,  1908-1910 503-508 

moimted  police,  specifications  for  purchase  of  horses 110 

Nodular  worm  of  sheep  (CEsophagostomum  columbicmum),  description,  dJBtri- 
bution,  etc 448 

Norway — 

and  Sweden,  cattle  of,  origin  and  history 224 

status  of  contagious  diseases  of  animals  in  1910 522 

Nutrition,  animal,  cooperative  work  of  fiscal  year,  note 32 

CEsophagostomum  columbianum,  nodular  worm  of  sheep,  description,  distri- 
bution, etc 448 

(Estrus  oris,  sheep  gadfly,  description,  distribution,  etc 453 

Offal-rendering  tank,  value  in  slaughterhouse 252 

Oleo— 

oil,  stearin,  etc.,  prepared  under  supervision,  quantity,  fiscal  year 64 

stearin  imports,  quantity  inspected,  fiscal  year 65 

Oleomargarin — 

manufactured  from  imported  oleo  stearin,  quantity,  fiscal  year 65 

prepared  under  supervision,  quantity,  fiscal  year 64 

Ophthalmo  test  for  glanders,  method 354 

Organization  and  work  of  Bureau  of  Animal  Industry 52&-529 

Parasites — 

of  cattle  and  sheep,  distribution  and  importance,  article  by  Maurice  C. 

Hall 419-463 

of  sheep  and  cattle,  map  showing  kind  reported  in  each  State 461 

protozoan,  of  domestic  animals,  article  by  Howard  Crawley 465-498 

Paris,  France,  meat  prices,  wholesale,  monthly,  1908-1910 503-508 

Paris,  Tex.,  municipal  slaughterhouse  at,  details  of  construction  and  operation . .      247 

Parotid  lymph  gland  in  animals,  description,  location,  etc 378 

Pasteurization — 

for  butter  making,  temperature,  article  by  L.  A.  Rogers,  W.  N.  Berg,  and 

Brooke  J.  Davis 307-326 

of  cream  for  butter  making,  bacteriological  results 308 

of  cream  for  butter  making,  method  employed  in  tests 307 

of  cream,  tests  for  enzyms 310 

of  milk,  laboratorv  work  of  year 57 

of  tuberculous  milk,  effect,  note 101 

temperature  of  cream,  effect  on  quality  of  butter 324 

Pathological  Division — 

organization  and  synopsis  of  work 528 

work  of  fiscal  year 78-89 
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Pearson's  method  of  vaccinating  cattle  against  tuberculosis 334 

Pedigree-record  associations,  supervision,  results,  fiscal  year 34 

Peroxidase  in  pasteurized  cream,  determinations 312 

Piroplasma  bigeminum — 

description,  distribution  in  United  States,  etc 425 

transmission  from  tick  to  cattle 492 

Piroplasmaf  protozoan  parasites,  description,  classification,  etc 492 

Plans  and  OT)ecifications  for  mimicipal  slaughterhouse 249 

Plymouth  Bock  (Barred)  hybrid  breeding  experiments,  work  of  fiscal  year 30 

Pneumonia,  etc.,  condenmations  at  slaughter,  number,  fiscal  year 63 

Police,  moimted,  horses  for,  number,  value,  etc 109 

Polled  cattle,  origin  and  characteristics , 210 

Ponies,  Celtic  type,  characteristics 168 

Popliteal  lymph  glands  of  animals,  description 385 

Pork— 

and  pork  products,  ex]X)rts,  1908-1910 509 

canned  imder  supervision,  quantitv,  fiscal  year 64 

certified  for  export,  quantity,  fiscal  year 65 

condemned  on  reinspection,  quantity,  fiscal  year * 64 

placed  in  cure,  quantity,  fiscal  year 64 

prices  at  home  and  foreign  markets,  1908-1910 507 

production  investigations,  work  of  fiscal  year 33 

Porto  Rico,  animal  diseases  and  conditions,  fiscal  year 75 

Post-mortem — 

appearances  in  glanders 347 

inspections  of  animals,  number,  fiscal  year 63 

Poultry- 
diseases,  laboratory  work  of  fiscal  year 85 

effect  of  various  systems  of  feeding  on  egg  production,  note 31 

hybrid  breeding,  progress  of  work 30 

investigations  of  bureau,  work  of  fiscal  year 30 

Precipitation-reaction  method  of  diagnosing  glanders 360 

Precrural  lymph  gland  of  animals,  description 385 

Prejvalsky  horse,  origin  and  description 161 

Prices — 

of  live  stock  at  Chicago,  1898-1910 500-^2 

of  meat,  home  and  foreign,  1908-1910 503-508 

*  *  Process  "  butter.    (See  Renovated  butter. ) 
Protozoa — 

description,  life  history,  etc 467 

parasitic,  investigations,  note 98 

Protozoan  parasites  of  domestic  animals,  article  by  Howard  Crawley 465-498 

Psoroptes  communis  ovw,  sheep-scab  parasite,  description,  distribution,  etc 456 

Publications — 

of  bureau  during  fiscal  year,  number  and  kind 25 

of  bureau  issued  in  1910,  list 529 

Public  health,  proposed  new  department  of,  citicism 15 

Quagga  and  horse  breeding  experiments 129 

Quarantine — 

and  inspection  of  imported  animals,  work  of  fiscal  year 69 

Division,  synopsis  of  work 528 

Division,  work  of  fiscal  year 68-78 

for  sheep  scab,  map  showing  areas 459 

intercoimty,  in  ticlc  eradication 261 

station,  new,  need  for,  remarks *. 22 

Texas  lever,  map  of  area  infected 427 

Texas  fever,  regulations  issued  in  1910 535, 542 

Rabies,  laboratory  work  of  fiscal  year 83 

Ransom,  B.  H.,  and  II.  W.  Graybill,  article  on  "The  use  of  arsenical  dips  in 

tick  eradication  " 267-284 

Regulations  and  rules  of  bureau  issued  in  1910 532 

Remount — 

depots  during  Civil  War,  operations  at  Geisboro 38 

depots  for  Army  horses,  establishment 40, 114 

Remounts — 

Army,  average  cost,  fiscal  years  1909-1911 116 

Army,  cost  ot  proposed  plan  for  breeding 46 
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Army,  earlv  methods  of  procuring 36 

Army,  method  of  purchasing  staluons 45, 114 

Army,  necessity  for  Government  encouragement  of  breeding 35 

Army,  objections  to  present  syHtem 117 

Ann>',  system  of  procuring 45, 114 

for  European  armies,  method  of  purchasing 105 

for  Kew  York  police,  specifications  for  purchase 110 

for  police  in  cities,  number,  value,  etc 109 

Renovated  butter — 

inspection  of,  remarks 60 

quantity  made  and  exported,  fiscal  year 61 

supervision  bv  bureau,  need  for  furtner  legislation. . .'. 24 

Report  of  Chief  of  Bureau  of  Animal  Industry 11-102 

Research  laboratories,  dairy,  work  of  fiscal  year 55 

Rhizopods,  protozoan  parasites,  description,  characteristics,  etc 484 

Rogers,  I..  A .,  W.  N .  Berg,  and  Brooke  J.  Davis,  article  on  **The  temperature  of 

pasteurization  for  butter  making" 307-326 

Rommel,  George  M . ,  article  on  * ' The  Army  remount  problem  " 103-124 

Roquefort  chec^se,  work  of  fiscal  year 60 

Roundworms  in  sheep,  work  of  fiscal  year 96 

Russia,  cattle  of,  origin  and  history 221 

Sanitary  oflScers,  live-stock,  list  by  States 512 

Sarcosporidia,  protozoan  parasites,  description,  classification,  etc 496 

Saturation  experiments  in  animal  breeding,  results 137 

Sausage  chopped  imder  supervision,  quantity,  fiscal  year 64 

Scab  parasite  of  sheep  (Psoroptes  communis  oi^w),  description,  distribution,  etc. .      456 
Scabies — 

in  sheep  and  cattle,  work  of  fiscal  year 20, 67 

of  sheep'and  cattle,  regulations  issued  in  1910 533, 534, 535 

Schroeder,  E.  C,  W.  E.  Cotton,  John  R.  Mohler,  and  Henr>'  J.  Wadibum,  arti- 
cle on  *  *  The  vaccination  of  cattle  against  tuberculosis  * ' 327-343 

Score  card — 

inspection  of  dairies,  work  of  fiscal  year 54 

system  of  inspecting  dairies  and  milk  depots,  extension 54 

Septicemia,  etc.,  condemnations  at  slaughter,  number,  fiscal  year 63 

Serum — 

agglutination  method  of  diagnosing  glanders 356 

h()g-cholera,  method  of  preparation  in  Hungary,  article  by  Adolph  Eich- 

hom 401-413 

hog-cholera.     {See  Hog-cholera,  serum. ) 
Serums,  vaccines,  etc. ,  legislation  needed  for  control  and  supervision,  remarks. .        23 

Sewage  in  slaughterhouse,  disposal 252 

Sheep — 

and  cattle  parasites,  map  showing  kind  reported  from  each  State 461 

and  cattle,  parasitic  diseases  of,  distribution  and  importance,  article  by 

Maurice  C.  Hall 419-463 

and  cattle,  scabies  in,  work  of  fiscal  year 20, 67 

and  goat  investigations,  work  of  fiscal  year 27 

ante-mortem  inspections,  number,  fiscal  year 62 

bighead  of,  work  of  fiscal  year 80 

Canadian,  imported  for  exhibition,  regulations 547, 553 

condemned  at  post-mortem,  number  and  cause,  fiscal  year 63 

dipping,  injurious  methods,  remarks 93 

dips,  in vestipition  of  losses 93 

domestic,  origin  of 153 

eradication  of  gid,  work  of  fiscal  year 21, 96 

for  export,  number  inspected^  fiscal  year 68 

gadfly  {(Estnis  ovis),  description,  distribution,  etc 453 

unports  and  exports,  1908-1910 509, 510 

imports,  number  inspected  and  quarantined,  fiscal  year 69-70 

in  Honduras,  number  and  condition 294 

lip-and-leg  ulceration  of,  control  work  of  fiscal  year 67 

lip-and-leg  ulceration  of.  work  of  fiscal  year 19, 78 

long  tailed,  origin  and  cnaracteristics 155 

mouflon  type,  characteristics 154 

parasites,  work  of  fiscal  year 96 
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poet-mortem  inspections,  number,  fiscal  year 63 

prices,  average  and  ran^,  at  Chicago,  1898-1910 500, 502 

primary  splenomegaly  m,  article  by  L.  Enos  Day 415-418 

purebred,  list  of  breeds  certified 550 

roundworms,  work  of  fiscal  year 96 

scab,  control  work  of  fiscal  year ^ 67 

scab  parasite  (Psoroptes  communis  otrw),  description,  distribution,  etc 456 

scab,  regulations  issued  in  1910 533 

Suffolk,  withdrawal  of  certification 532 

Shire  and  Clydesdale  horses,  origin 172 

Shorthorn — 

cattle,  breeding  to  type,  theory 185 

cattle,  relations  to  A>«  Zon^^^ww 204 

Celtic,  cattle^  origin 161 

Shorthorns,  milkmg,  breeding  experiments,  fiscal  year 29 

Silo  and  ventilation  experiments  by  Dairy  Division,  remarks 51 

Simmenthal  cattle,  relation  to  Bosfrontosus 203 

Simultaneous  method  of  inoculating  hog-cholera  serum,  results  in  Hungary —  412 

Siwalik  type  of  horses,  origin  and  characteristics 172 

Slaughterhouse — 

municipal,  at  Paris,  Tex.,  details  of  construction  and  operation 247 

public,  at  NashviUe,  Tenn.,  cost  and  charges 248 

Slaughterhouses — 

m  Honduras,  methods 294 

local^  undesirable  conditions 242 

municipal,  and  State  and  municipal  meat  inspection,   article  by  A.  D. 

Melvin 241-254 

municipal,  assistance  in  erection  by  bureau,  note 15 

mimicipal,  disposal  of  sewage 252 

municipal,  or  central,  desirability 243 

municipal  or  central,  plans  and  specifications  for 249 

municipal,  septic  tank,  plan 253 

mimicipal,  value  of  offal  rendering  tank 252 

public,  desirability  in  certain  cases 14 

Sleeping  sickness,  Afncan,  characteristics,  cause,  etc 476 

South- 
cattle  industry,  disadvantage  of  cattle  ticks *. .  18 

dairy  industry,  progress  of  field  work 48 

prosperity  of,  Laigely  influenced  by  tick  eradication 262 

Southdown  sheep  breeding  work  at  Morgan  horse  farm,  progress 28 

Southern  cattle  fever.    {See  Texas  fever.) 

Specifications  and  plans  for  municipal  slaughterhouse 249 

Spirochsetes,  protozoan  parasites,  description,  claasification,  etc 469 

Splenetic  fever,    {See  Texas  fever.) 
Splenomegaly — 

in  sheep,  microscopic  appearance 417 

in  sheep,  post-mortem  examination 416 

primary,  in  sheep,  article  by  L.  Enos  Day 415-418 

Sporozoa,  protozoan  parasites,  description,  classification,  etc 485 

Stallion  depots  in  Germany,  number,  etc 103 

StaUions — 

for  Army  horse  breeding,  method  of  purchase 45, 114 

for  Army  horse  breeding,  number  and  distribution 42 

purebred,  number  in  various  States 107 

State— 

and  municipal  meat  inspection,  suggested  methods 245 

hve-stock  sanitary  officers,  list 512 

Station,  quarantine,  new,  need  for,  remarks 22 

Stomach  worms  of  sheep,  description,  distribution,  etc 443 

Submaxillary  lymph  glands  of  animals,  description,  location,  etc 376 

Suffolk  sheep,  withdrawal  of  certification 532 

Surra  disease  of  Asia,  characteristics,  cause,  etc 477 

Swamp  fever  in  horses,  work  of  fiscal  year 79 

Sweden — 

and  Norway,  cattle  of^  origin  and  history 224 

status  of  contagious  diseases  of  animals  in  1910 523 
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ante-mortem  inspectionB,  number,  fiscal  year 62 

buttermilk  feeding  by  creameries 301 

condenmed  at  post-mortem,  number  and  cause,  fiscal  year 63 

exposure  to  tuberculosis,  note 100 

fattening  and  finishing,  method  in  Himgary 402 

feeding  by  creameries,  various  methods 303 

feeding  on  com  and  buttermilk  by  creamery,  profits , 302 

for  export,  number  inspected,  fiscal  year 68 

Hungarian  method  of  bleeding  for  production  of  hog-cholera  semm 403 

imports,  number  inspected  and  quarantined,  fiscal  year 69-70 

in  Honduras,  general  conditions 290 

in  Honduras,  number  and  condition 294 

post-mortem  inspection  of,  number,  fiscal  year 63 

prices,  average  and  range,  at  Chicago,  1898-1910 500, 501 

purebred,  list  of  breeds  certified 551 

Swine  plague.     (See  Hog  cholera.) 

Swiss-cheese  investigations,  work  of  fiscal  year 58 

Switzerland — 

cattle  of,  origin  and  history 221 

status  of  contagious  diseases  of  animals  in  1910 523 

Tank,  septic,  in  slaughterhouse,  plan 253 

Tapeworm,  fringed,  of  sheep,  description,  distribution,  etc 438 

Telegony ,  principles  and  experiments 128 

Texas  fever  {see  also  Cattle  tick) — 

area  released  from  quarantine,  fiscal  year 66 

condemnations  at  slaughter,  number,  fiscal  year 63 

control,  work  of  fiscal  year 66 

description,  distribution,  etc.,  of  causative  agent,  Piroplasma  bigeniinum..  425 

feeding  stations  for  noninfected  cattle,  location 540 

in  Honduras,  conditions  found 290 

in  United  States,  map  of  area  quarantined 427 

quarantine,  open  season 540 

quarantine  regulations  issued  in  1910 535, 542 

tick  eradication  work  of  fiscal  year 66 

tick.     (See  Cattle  tick.)  . 

Thompson,  S.  C,  article  on  ** Increasing  creamery  profits  by  handling  special 
proaucts  and  utilizing  by-products  " 297-306 

Thompson,  William,  and  James  E.  Downing,  article  on  '*The  live-stock  industry 
of  if ond  u  ras  " 285-295 

Thoroughbred — 

horse,  relation  to  Siwalik  type 173 

horse,  theory  of  breeding  for  speed 186 

Thi/sanosoma  actinioideSy  fringed  tapeworm  of  sheep,  description,  distribution, 

etc 438 

Tick.     (See  Cattle  tick,  also  Texas  fever.) 

Transfusion,  blood,  method  of  preventing  tuberculosis  in  cattle 342 

Transportation  of  live  stock,  legislation  needed  for  better  regulation 23 

Trichomonas f  flae:ellate  protozoan,  description 483 

Trypanosomes,  description,  classification,  etc 473 

Tsetse-fly  disease  of  Africa,  description 477 

Tubercle  bacilli — 

in  butter,  tests,  fiscal  year 101 

in  milk,  laboratory  work  of  fiscal  year 87 

Tuberculin — 

and  mallein,  distribution  by  bureau,  fiscal  year 95 

commercial,  tests  of,  result 102 

methods  of  applying  to  animals,  note 102 

Tuberculin  test — 

of  British  cattle  for  export  to  United  States,  results,  fiscal  year 70 

of  Canadian  cattle,  regulations 546, 547 

of  dairy  and  breeding  cattle  in  interstate  movement,  results,  fiscal  year. . .  71 

of  dairy  cattle,  results,  fiscal  year 72^73 

Tuberculosis — 

bovine,  eradication  work,  fiscal  year 70 

bovine,  in  District  of  Columbia,  eradication 20, 73 

bovine,  in  District  of  Columbia,  suppression,  order  of  commissioners 554 
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condemnations  at  slaughter,  number,  fiscal  year 63 

in  cattle,  vaccination  against,  bureau  experiments 331 

in  cattle,  vaccination  against,  review  of  recent  work 327 

investigations  at  Bureau  Experiment  Station,  fiscal  year 99 

laboratory  work  of  fiscal  year 86 

preventive  vaccination  of  cattle,  work  of  fiscal  year 100 

vaccination  of  cattle  against,  article  by  E.  C.  Schroeder,  \V.  E.  Cotton, 

John  R.  Mohler,  and  Henry  J.  Washburn 327-343 

United  States— 

Army,  breeding  horses  for 21, 34 

Army  mounted  service,  number  of  horses  required,  etc 112 

Urns — 

and  aurochs,  history  and  description 200 

wild,  relation  to  domesticated  cattle 156 

Vaccination — 

of  cattle  against  tuberculosis,  article  by  E.  C.  Schroeder,  W.  E.  Cotton, 

John  R.  Mohler,  and  Henry  J.  Washburn 327-343 

of  cattle  against  tuberculosis,  blood  transfusions 342 

of  cattle  against  tuberculosis,  bureau  experiments 331 

of  cattle  against  tuberculosis,  comparison  of  methods 340 

of  cattle  against  tuberculosis,  review  of  recent  work 327 

of  cattle  against  tuberculosis,  the  subcutaneous-injection  method 335 

Vaccines,  serums,  etc.,  legislation  needed  for  control  and  supervision,  remarks.  23 

Vaphio  cups  and  scrolls,  description 199 

Veal- 
exempted  from  inspection,  quantity,  fiscal  year 65 

prices  at  home  and  foreign  markets,  1908-1910 504 

Ventilation  and  silo  experiments  by  Dairy  Division,  remarks 51 

Vermont  horse-breeding  work  of  bureau,  fiscal  year 26 

Veterinary  education  in  United  States,  investigations,  remarks 25 

Von  Behnng's  method  of  vaccinating  cattle  against  tuberculosis 332 

Washburn,  Heni'y  J.,  E.  C.  Schroeder,  W.  E.  Cotton,  and  John  R    Mohler, 

article  on  **The  vaccination  of  cattle  against  tuberculosis  " 327-343 

White  diarrhea  in  bureau  poultry  at  Experiment  Station,  note 31 

Wool  imports,  1908-1910 510 

Worms,  stomach,  of  sheep,  description,  distribution,  etc 443 

Zebra — 

hybrid  breeding  experiments  in  England 132 

hybrid  breeding  work  of  bureau,  note 30 

Zebu  (Bos  indicus)^  origin  and  characteristics 209 

Zoological  Division — 

organization  and  synopsis  of  work 528 

work  of  fiscal  year 96-99 

o 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQ IC 


Digitized  by  LjOOQ IC 


■:,Dl3;%aJ:'^J3^^5^^'] 


